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ABSTRACT

-, This paper provides a scientific basis for the formulation and expression of
. performance standards and specifications and for explicit attention to performances,
' in procedural and prescriptive spaS&a:dg and specifications.
The provisions of the NBS-develaped .Interim Performance Critéria for Solan Heating
and Combined Heating/Cooling Systems and Dwellings ,a performance specification,
are~classifiied in terms of the physical entities addressed, the attributes of the
built envir mment; and the propertiés which group together particular physical
entities wh d1gsw be subiecg to similar dysfunctions. - These provisions, are also
-, gublected td a1lin uistic’ analysis which examines in detail the wording used andg .

formalizes certain Rey concepts which are realized in thé wording

. .. - 2 . . { S . !
Thé provisi ng of the Uhifqrm PIOmBing- Code, a prescriptive code, are classifigd im
texyms of the physical entities addressed apd the performance attributes which can,

be inferred|(though they are not‘explicitly addressed).

-
-~ -

Ve »

Guidelines for the expression of provisions in performance codes and specifications

areé preseé;fd. These guldelines are based on the classification studies and the

lingwdstic janalysis meritioned above. s .

Key words: | Building code provisions; building codés;“building component
classification; building specificationsg; building *standards;’
performance cbncept. : . ot
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cost of buildings. * . Y <.
Lt ~ — . . . -
* Ther€?ls, therefore, ,a critical nsed to improve our undezstanding of the organization /

MC . . / . . . ,/,

. ' ’
. i . . /
. N * -~ . -

: K 1. MTRODUCTION . ¢ -, :
ey - . 1 - Tt - ' T ‘ .

1,1 Objectives ~ ’ ’ ' s
. L3 N 9’ \ ° . .
This study is a pillot investigatfon for Zgl establishment’of a rationdl framework > :

fbr specifications, dealing with bb&h th détailed organization of individual ., » .
provisions and the-gverall organization and classification of provisdons. i

The 'study includes the detailed analysis and classification of two documentsi

¢

. ’ L T
o, the Intenih Performance Criteria for Solar Hepting and Combined
Heating/Cooling Systems‘and Dwellings, National Bureal Gf Standards,
January 1975 [12]%; . ., : N . T
e the Unfform Plumbing Code, Internatiohal Association off Plumbing :
and.Mechanical,Off;cials,'1973’Ed1t1?? [21]. . . J
These twQ documents.were chosen because ﬁhey,rqpqesent as closely as possible théNo
extreme points on the performance-prescriptive specification continuum.
The‘obyéctivés of the study dre: ' .
i e ot * N , s ]
e~ to inveftigate the vocabulary of specifications; t%at is, th€ terms - ‘
. used to‘describe the objects dealt with and the performance expected;
N ‘ ’ . " - 4 N —
e to identify the manner in which the terms mentiongd above are.
used to form specification:provisions; . . : L < A
¥® : . . '
e tb Investigate classificatlon schemgs for the terms used, so 'as to -
derive‘organizational bases.for specifications; and B
e to develop rules for the use of terms, specification provisidns,'and‘ -t . *
" : classification schemes. . - . . 4
1.2 Background \ N . . " Lt . ) R K

. A . . e

Building codes, design specifications and standards refe%enced by building.regulatory

documehtation constitute one of the major communication. and control mechanisms for

the building industry.. The development of new codes. and standards and the mainte-

nance of existing ones involves a substantial effort on the part of’?esearchprs,

product developers, bullding qfficials and professiomals in many disciplines. The .
. enactment and enforcement of bullding codes requires a large building wregulatory

system. The codes, specifications and standards control the professional output of

designers and the products of builders and building manufacturers. The quality and ’ -

coverage of,*these codes and standards has a major efgect on both the quality and_

~

and "structure of codes and specifications and %o develop 'basic principles from.this .
understanding. These principles are expected to serye specification-writers to /
develop better processes and improve their product. ¥ Fhis report ds a pidot study in.
this direction, .- * ) .

The need for thissstudy is manifested in two ways. First, ne;\godes and specifica-
tions are being deweloped by many sources;, either to reflect changing requirements

in areas traditionally subject to code coqqrol such as health, safety and welfare or

. to introduce new reguiréments reflecting riational needs, such as energy conservation. - !
Developers of such”newk codes and specifications would be well served by a more
rigorous framework within which their efforts could be organized, and evaluated
Because ol the importance of specifications, the entire building.community can

benefit from more rational control. . -

Morg¢over, existing codeg and specifications are undergoing a constant process of -
maintenance, updating and adoption. A mechanism 1s needed whereby the changes and
amendmemts thus introduced can be readily related to the existing body of codes.
€losely related to this is the need for comparison offexisting codes. A major
N

ibyackgted nymbers refer to references listed on pages 76 and T77. ' !
. e . - .
. . 0 1. - . -
. R ‘ . i . )
) — . . ;
O J T e 8/ ‘ /
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problem experienced by design and construction firms operating in multiple Jurisdics
‘tions is that of identifying and dealing with the dissimilarities and local dewla-
. tions among codes. “An organtzed. framework fod representing codes and specifications
would not only assist these firms, But also those agencle§ responsible for théa '
promulgation and adabtion of “codes and standards, jn idehtifying. and evaluating

v

differences, . \ . N
< ~— ' . . - R PR ,
rd a . ]
- ', . 1.3 Nomenclature - . . o .8
. on R . . ) .. \ . . -
* In this study, the term "specificatfon" is used to refer -to 4il’ formal documents for
, . the evaldation of engineering or architectural designs. These 1nc{ude: N -
. . * . - + ' - © '
' ' o o legislated building*codes, such as the New quk City Building ¢ -
o T Code [3]; ©o. i . - i
ta » e model bullding cogdes, such as the Baglc Building Code of the Bullding r’ "
.~ 0ffidials and Code Administrators Internationdal, Ihc. {47 » .
. . L. ’ . X
“ e consensus standards,” sucif as the American Concrete Institute (ACI)
Building Code Requirements for Reinforced Concrete [Ty .
. - . ‘
e - proprietary or trade assoclation specifications, such as the - ;
o . American Institute of Steel Construstion (AISC) Specification for
- . *the Design, Fabrigation and Erection of Struct-iral Steel for
Buildings: (2); and . . . »
. . i) IJ
e specifications of ugencles or owners, such as the Minimum Prdpsrty M >

. Stemdards of the U.S.»ﬁepartment of Hougirg and Ugban,K Develepment [llj.
» 3 -

~ -
‘ Specifically expldaedvfrbm this discussion are building specifications made a part of . °,
the contract documents for a Building project and product specifications describing

.. . ) 2

a proprietary products or systems.
P \The study‘deals with three types of specifica pﬁi*, which differ in their level of

LY

apstractioﬁ,_namely: / - ‘.
. e performancé specifications,. which gtéte required attributes yin,an imple-. v
. - mentatiepilndependent manner, such as the "Guide Criteria f8r the Design
~ - rand Evaluation of Operation BREAKTHROUGH Hdusiﬁg Systepms" [10].° . '
e protedural sgebrficatibns; consisting ©f calculatioh and evaluation
T ' ,procedures, which ;tate.required gttributes.and procedures for their, *
7 - - evaluation in an iniplementation-dependent mannér sueh as‘the ACI
- - o and AISC specifjications [142); ana . - C
» [ v & . Y. 14
» * . e prescriptive specificatiens, which state requixed dimensions or ' ’
4 properti€s In a manner completely-defining the aeceptable config-
N urationd or procedures in an implementatlon-dependent manner,’ such
as the, One ard Two Family Dwelling Code [17]. L Lt .
. . v L. .3 -
. inuphis study, the; term provision will be used to refer Yo any normatdve sgatemgpt '
. - in a specification; that is, requirements or criteria in performanqg specifications
— or paragraphs in prescriptive <and procedural specifications.
« . 1.4 Previous Work . . L . oo ,
. . * Essendddlly all previous studies on the organization,and styucture of specifications

. were motivated initially by the prospget ‘of computgr processing of specification
provisipons fog design or cpde conformance checking. While the formalism_and rigor

. \ required or computer processing, a.very useful intellectual-framework for
developigé an’understanding-and pr ples, the concepts which thus-emerge=need not
pgcessarily be implemented 4n computer programs, The concep can‘alsq be used for

. ménual, or non-computerized, codes. N , ?{ ’
N ) ] : ' s ! g N 4 | : - :’ : L ’ . :
. : . e < . : ) B -
#It deals with all three types with the following qualifieations. -It 6ffers no

. . getaileg study of any prpceﬁural°spec1f1cations. nd 1t has_more material on perYor—
‘mance specifications than presgriptive ipecificiiions. ) - ) .
. A . - o - .

. / . P v )

~ .
\ . . D
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An elementary notation, or "language" and data structure for representing building
problems for computer applications was described in 1967 by Clark {5]. It included
rules for organization of code-like provisions. Kapsch's review of exlsting -
architeétural information indexing systems [i3] found. all such systems lacking in
precision and coverage.- A report to the Center’ for Building Technology ,of the
National Bureau of Standards (CBT) by Eberhard, et al |7] postulated a “humber of
potential gqmputer appkications for building regulation use, but did not present,a_
formad -~ sbructure for them

.
- D

The senior co—author, in collaboration with R. N. Wright, has dealt extensively with
- the representation of procedural specifications and ‘the application of this repre-
sentation to computer-alded design, and developed improved formats and organizafion
for procedural’ specifications [9,15,16]. The status of thdt work as’of early 1975
is summarized in [8]. Refinements of this work were carried out at the UniVersity
of Il1lindéis in a project initiated by R. N. Nright and then, continued under
.J. W. Melin (see [22]). Other exjensions of* tﬁe worl are underway at Carnegle-Mellon
University under the direction of the:senior co-authdr. The wdrk at Carnegie-Mellon
University and the University of I}linois to date has not dealt with performance
specifications per se, nor-did it produce any of the formal structunes and concepts
" introduced in this repont The cdomputer aids develeped as part of the University
of Illindis project ‘are, however, well suited for operating on the classification
structures presented here. ,

1.5 Scope of Report

Chapter 2 develops a model of specificatﬂbns and examines the overall organization of
provisions as well as the detailed organlzation. Special emphasis is given to *
perfarmance specifications, becayse of their need to specify objectives in_general
sterms, and because of the speclal chgracter of the requirement—criterion~test—
commentary hierarchy ) . .
v an .
. Chapter 3 presents the analysis of the Sdlar Heating Perﬁormance Criteria; Chapter 4
. presents the analysis of the Uniform Plumbing Code.\ “Te

Chapter 5 presents rules of style in specification writing Chapter. d gketches put
_botentlal applicatiors of the(study for the analysis of existing specifications and
“for the_synthesis of new ones. ' Chapter 7 contains conclusions and recommendations

for farther work.
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2. MODEL FOR RROViéIONS AND THEIR ORGANIZATION

In‘%his chapter, a model for thé classification of provisions and their organization
is vresented; and some of the problem aceas which constrain further formalization at
this time are discussed. The discussion covers’'all three types of specificdtions .
mentioned earlier, but Section 2.4 deals with the $pecific considerations related to ..
performance specifications. N :
. . - ’
2.1 General v : ,

The basic concept in this study 1s that each provision of a,specificatioq;’whether

performance, procedural or prescriptive, addresses a performance attribute of a .
- physical entity. “ , . : . ‘k<>

- » - 2 ~ \ . N . -

In performaqce specifications, provisions are cuﬁtomarily organized into regquirements,
(usually qualitative Statements of required attribmfes) and criterla, (usually
quantitative statements glving levels of performance necessary to meet the require-
ments). Also, in performance specifjcations ap-attempt is made to address the
physical entity involved in terms of the attribute -being considered (or to omit any”

~mention of the physical entity); so as not to overspecify and thus inhibit innpvation:
- ’ b h} .

Prescriptive and proceduﬁgi specifications differ from performance types in two .
aspects. First, the att’fibutes addressed, and even the requirements, 4re not alwa§s’
spelled out, but frequently have to be inferred. Second, the plysical entities to
which ‘the provisions apply tend'to be identified in detail. ‘ :

. ~ - .

It is recognized that the above comments pertain directly only to wholly performance
and prescriptive specifications, and that most specifications actually conjain a,
mixture of the two types. “Section MP 3F of [18] discusses this point; a table on
page 6 of that®section describes nine levels of gerformance/prescriptive mixture, and
gives sample provisions from each level. A review'of thehtable’shows that the basic
concept is maintained throughout; that is, each sample provisiqn addresses. a pnysical
entity and (implicitly or explicitly) a desired attribute.

t
¢

The mode}'for'?réanizati&n 13 formulated at two levels: *

™ - .

e tpe way single pfbviéﬂons Spe_composed;‘and

e. the manner in which related proviéiéns,are organized.

These two levels form the subject of the next twb secfiohs.
_2:2 Detailed'Organization: Provision Structure ’ T .

- s ¢ .

. ® fThe contents of provﬁsions {n all tyees.of specificatfons contain the same tybe of

information, namely: 4 R RN . . -
. ,

Ty S .
< e a subject, which refers to or makes some mention of a physical
entity; and < . .- .o

~ -

~*e a predicate, whidch relates tosthe attribute to be satisfled.

There are only small var;étions in the formats off specification provisions in per-
formance and prescriptive specifications. A classification scheme for the formats
qf(provisions will be presented in Section 3.3. . PR .

b 14

I3
-

’ -~ N Lq -

By contrast, many provisions in procedural specifications describe calculation and

. evaluation procedures to be executed. The represenftation of the organization af such
provisions has been pgesented elsewhere [15,16] andwill not be déalt with further

in"this study. .
e

'(,- . . . f
. - .
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2.3 Overall Or'"gariimtion:%Glgification Schemes -
‘. F . .

. = t ) .
As reéaqu the overall organization of specifications - be they performance, pro-
cedural or prescriptive - provisions in them are related Lo one another either
through the physical entity addressed or the attribute ‘to be satisfied.* In order.
to reflect this relationship, classification schemes are employed. .
_The ogjective_of a classification scheme 1is fo: ‘

e provide hierarchical\groupings Bf related provisions; and

-

A provi&é a basis for te%tual organization, notably outlining ’
and indexiéng, of the specificatien.

AN

t

néeded, namely: 58 o Ly

. -
E

?; the nature of the subjJect matter, two independent major classif}cation schemes are

( e by physical entity; and - Lo S . hd
\ . . .
. by att;ﬁbute. . . ,

Performance specifications developed in CBT customarily use these two classifications
as row and column indexes of two-dimensional matrices and record the applicable
provisions (requirements and criteria) at the intersections. While this representa-
» tion Ras proved workable in CBT, 1t has shortcomings, primarily because it does-.not
display the internal structure, or "texture", of thesclassification, such ds the
finer subdivision of entities or attribute parts within a box of the matrix; because
* 1t 1is not well suited for dutlining and indexing; and because it promotes unnecessary
. redundancy in the repetition of nearly identical pfovip&gns. y '

I3

-— (4

In this study, the‘two classifications will be dealt with separaf%é
will be made to develop a singie representation for the two. The
wgll be discussed in turn.

Y, and no attempt
lassifications

N .

’ N . ©

2.3.1 Physical Entity Glassification . v .

« [©v] A
In developing a classification scheme for the physical entMties addressed by a
specification, @ major problem is that of identifying the various funct’ions of a
physical entdty and then distinguishing this from the specific place of the physical
entity among other physical entities. A given physical entity may be referréd to in
several contexts, and in each such context i% may be associated with different sets
of other physical entities. For example, a plece of pipe may be referred td:

) - . LA

® £ .

\ N -

e by its material and ils intrinsic properties,
.8 as a fluid container, subjegt- to.pressure changes, vacuup, etcw
‘ ‘ - 0. R * - T ', .
e as a mechanical element, subj®ct to noisde, vibration, fatigue,
thermal sfresses, etcs . v : -—
‘. PRI N . . a

as a chemical reagent, subject to qorrosibn4 contaminatfion, etc,.

as a léad-carrying elemeﬁt, subject to gxternal'impoged loads,

earthquake effects, etc. n .,
"_as a potentlal projectile in an explosion, a thermal source in
a fire, etc. : *
4 ]

e etc. ’ . r’/ N N

- In each ¢f these contekts, the pipe can bé assocfated yith different sets of p
¢ entities whicH are related to it in the specific conrtext being considered.®

1 .

\ . . « e -
) . 3
o ‘ -
* . . )

~ -~

+ 0 - S - .
*In addition, though of little interest here, proyisions in procedugpal spec¥fications
which“deal with one +evaluation procedare are arranged in a .hierarchically rqlated. ”

[ sequence. - . . - ’
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The problems of developinsyan appropriate classification scheme for physical entities
. :-.are ‘different in-differen types of specifications

. .e . in performance specifications, it is important to avoid a purely
- hierarchical flassification by, part 'name, such as one based on

. ’ systém-subsystem—component-material" subdivisions, becauge such a
. . classificatiod would unduly over-specify*the physical re’lizations
. . ,possible and thus inhibit innovation’ in design
.;» » - ’, . -
;, ° in prescriptive and procedural spécifications, part names dominate, ”
¥ R - function and context often have to be inferred, thus making, N .
.« , »difificult the task of generating higher-level classifications
. and groupings. - ‘ .t
. N N
! Two applications of gEnerating.physical}classifications are givén in the two following
e chapters. . - . L.
2.3.2 Attribute Classification ) ) <

7~ The development of an appropf&ate classification scheme for the attritutes of the
. provisions of,a specification is more, difficult than the development of the physical
3 classification, for the following reasons® \
T . a’/ .
. \' . 7 . ® there is 2 géneral lack of suitable definitions of” attributes; . -
. while the highest-level terms, suth as "health -and safety"; axe
freely used im prescriptive as well as performance, specifications,
.. there are no established subdivisions; e.g., subdivisions of health
. into bilological, physiological or psychologdcal health; . "

e in performance specifioations, the e is a large jump from-geheral

P - statements of "user needs" to tﬁe/;ore detailed prescripable !

e attributes that can be addressed diréctly by the provi ionsf

B - ' .
- ca e 1in prescriptive specifications, usually resulting from a leng, . i -
. . historical process of accretion, the original attributes may be

) lost, blurred or combined with others, as #n the ubiquifous ¢

g ! ‘"health and safety”. . B ~ .

This problem 1s further complicated by the frequenr referencing of, external staﬂdards

in both types of specifications. These referenees, typically describe "what to do"

or "how to d6 it," rather than "why", that is, the’ attribute to be satisfied.

o . Two approaches to generating attribute classifications are discussed in the following

e

X two chapters. . ' ]

i“* . 2 4 fOrganization of Performance Specifications } _' o« - ; ‘ R \r
? . f Performance specifications—lntroduce two additional considerations bearing on the

L * o organizational model of* specifications, as described in the f&llowing sections. 1
: 2. k1, Property Classification ’ y C ‘ a '

i R . . .

o As’ described in Section 2.3.1, one crucial objedtive of performance specifications

is.to avoid overspecification 4f the physical en%ities involved, so as to allow for

|, innovation in design. In other words, the specification writer must avoid any B
e mention of specific physical entities or-tl¥se address them in‘an; implementation/inde—
L pendent fashion. C . .
- - PR N

. The current study has revealed a mechanism (not previously identified) which has been
R used, by performance specification writers to overcome this double constraint. The
Towom e s - .mechanism involves addressing a number of physical entities by common ﬁrOEerties,
oL ‘rather than through extensive enumeration. These properties occur‘in provisions as
% - moaifiers of nouns which refer to physical entities. .Thus, in gtatements. such as:

RSN
e

e el
W

f: Dk

e
i

R ¢ "system assemblies containingﬁheat transfer fluids" : K

e "compbnents involving,mo#ing,parts"‘ o ’ . -

I . am o=

., e Vsubasserblies . ws that are aqcessible“(’ . .

S

. - K - e .. . 3.
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%
!
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each underlined portion, which modifies the noun preceding it, cadls attention to a
specific property, while avoiding ‘a detailed enumeration of all possible physical
.entithes posseas{ng this property. The concept of property is-thus used in,
performance spec fications to achieve economy of terms and precision without over-'
specification Ve R . ' ,
i e eoncept of property acts as an indirect coupler or selector between the physical
- ntities and the attributes. Specifically, a property calls attention to a
performance characteristic, common to some group’'of physical entities, which may be .
susceptible to a dysfunction associated with.a particukar attribute. In the three
examples above, "system-assemblies containing heat transfer fluids" are subject %o
mechanical and chemical forces which mdy affect durability, "components involving,
moving parts" are subject to wear and deterioration, and "subassemblies that are
accessible" may cause hazards to occupants from exposure to higy temperature.

The develogmenb of a classification scheme fQr properties ;:s?“therefore parallel that
for physical entities andrattributes. OCne scheme developéd is given in the next
chapter. .

— .

. B . ?/ﬁ-

2.4.2 RCTC Format: “ z . .

The format of'performance specifications, as used in CBT, introduces, an intermediate
level of organization between that of the individual'provisionséand the overall
classdification. This level is implicit in the "Requiremenv—Criterion-Test Commentary™

(RCTC) statement, namely:

® there are one or more reguirements associated with each attribute
class; . . v

“a requirement 1is a qualitative ‘statement regarding some physical
entity and some #ttribute classy

<y,
there are one or more criteria associaced with each requirement;
L)

4 -

a criterion is a2 quantitative statement which gives a measurable
level of perLormance necessary to meet the requirement with xhich
it is associated;. . .

S, -

there is a test associated with each criterion;

the test, or evaluation, sets forth the methods whereby a judgment
can be made that the criterion has been complied within the design
or construction of a building system;

e there is (usually) a commefitary assoclated with each criterion; and

L]

] o' the commentary provides background information,

The RCTC format imposes two_organizational conditlons; .
e a criterion is related to its requirement by addressing: (1) a2 '
subset of the physical entity; (2) a specifie property grouping,
a numbef of physical entities; ahd/on {3) a subSet of the attribute
class addressed by ehe requirement

- -
>

jthe test,.or evaluation, needs 3o be related-to~the type of

‘measure given in the criterion it accompanies ‘¢

-

Examples of these hierarchical interrelations are given in Section 3.8;
-, d ¢ 1

-




tion entitled Interim Performance Criteria for Sclar Heating and Combined Heating/

Cooling Systems and Dwellings, 1975 [12] referred to hereafter as the "Solar /
. Criteria.” Although a formal physical entity-attribute matrix 1s not used in the

~ specification, it 1is org anlzed by chapters on the bas*s of the following attribute
X - classes:
~ P > "
) ° . ( Chapter 1: Functicn : . ‘
T . Chapter 2. Mecharical ’ .

Crapter 3. Structural
- - T éa .
/Chap:er L., Safety -

-

ON
ta
3\

e

3
ct
M
[
3
o
o
"
[
[
<t

LS
v

Cnapter
L] . .
—~——ZIn-serns of tne ohys*ca- ent ltles, the specificatlon treats the following systems
and subsystems: , .
' \ .
o the neatin (¥) systenm . .

e the combined heating and cooling (HC) systems ¢ . ,
» ~

———

.

e the domestic hot water (DXW) system/subsystem

Y i
’ e the energg transport gubsystem N ’ ’ ]
@ " ~ ) 4 .' [

e the conrfrol subsysuen ' : -

‘es the auxiliary energy subsys»er

- . .
. ‘the collector subsystem . ' .
. e the storage subsystem ' L - ’
,.M . - - T
3.2 Classifications v “ . , '
1] ’ ]
R - Using the above SQecificgblpn as a source, classification sthemes for physical

entities, attributes and properties were developed. These schemes and their deri-
vat*ons are discussed in the next three.sections. In developing these categories
ands the entries within them an effort has been made to inject a minimum of external
information and rely as much as possible on the terms actually used in the document.
Section 3.2.4 presents theé a{%ual classification of the provisions (requirements
and criteria). It should be understood that these classifications were derived from‘
the Solar Criterifa and ére not to be construed as final or definite. «
‘ p) 1

- . 1

3. 2.1 Physical Classificaoion
+ As described above, the beginning of a hierarchical classification of the physical
sentities involved is given in the specification itself through the identification
of three system types (H, HC and OQHW) and five subsystems (energy transport, control,
auxiliary energy, collector and storage) 3 K .
] * []
In ®he.current study, this classification was extended in two ways, as follows At
the topmost level, it became necessary to distinguish beCWeen the Xstem itself, -
.encompassing all three types, and elements external t¢é it, such as drains, supporting
.structure, (service) manuals, and the like. At the '1ower levels, it became necessary
to 1ntroduce an analytical framiework to encompass the specific terms for the entities

.
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te K . . 37 APPLICATION TO SOLAR HEATING CRITERIA
, . . ..
This chapter presents an aralysis cof a performance specificatlion acconﬁing to the
' general model described in Chapter 2. (//~ -
L - : -
. 3.1 General . R “

The analysis is performed on the-first six chapters of the NBS perfarmance specifica-"

.
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. appearing in the specification.. The final classification scheme ﬁgieloped in the °*

-4

. maximum extent possible.

) "I‘luid" ).

current study is summarized in Table 3.1; it-consists of the following hierarthical
levels:

1 z
- - i 4
»Level 'I. Global: System or External.

Level I1I. System type:* H, HC, or DHW (as in the Solar Criteria)

" Level III. Subsystem: Collector, Stoxrage, Energy Transport,
. Control or Auxiliary Energy (as in the Solar Criteria)

Level IV through VII Assembly/Component/Element This is_a ‘hierarchical
classification scheme with multiple subdivisions, encompassing the elements
specificglly cited in the Solar Criteria. .

- -

For Levels IV through VII, ‘the* terms used and their hierarchy are..shown in Table 3.2.
It can be seen that some sub hierarchies are based on a part-to-whole relation (e.g.,
"mahifold" is an element of the "piping", component of the "conveying" assembly of
the "mechanical” subsystem), while other sub-hierafchies are classifications by type
(e.g., "hazardous or toxic" is one type of "liquid" which in turn is one type of

-

/ .

It can also be seen from Table 3.2 tha the entries "Collector" and "Control"
duplicate entries under Level III: "SubWystems" These redundant entries were
introduced in the current study to ensure “that the physical entities listed under
each #re restricted in application; that, e.g., "glazing" applies only to "collector®
and "instrumentat*on" dpplies only to "control " . . ) .

EY

The clasBification of egternal<elements is given in Tablé 3:3.

3.2.2 Attribute Classification : -

- ~

. ~ =
Ever though the Solar.Criteria specification was written in performance terminology
and therefore hightighted attributes, still it was necessary in this study to
experiment with several alternatives in order_to develop an acceptable classification~
for these attributes. This testifies to the lack of understanding of and consequent
need for research into the nature of attributes. Two of the chapter headings in the
,Solar Critéria, "Mechanical" and "Structurdl,” were rejected as not being proper
attributes in the sense that qualitative or quantitative performance. statements can

be assigned to them. As in the case of the physical classification, an attempt was
made to use the classification and terrs appearigg in the Solar Criteria to the

7

e .

The following classification scheme wap selected: - . \

1. Functionalifty: ability of syptem to provide its rdted output
This category can be further s$ubdivided into:

.

1.1 Rating: establishment oﬁ basic rating of system

1.2 Efficiency: establishment of criteria whereby the
demonstration project can be evaluated, namely, ,
reéduction 12 use of conventional energy sources. !

Operability: requirements for satisfying performance fof the
design life of the system under actual use conditions. -A
“subdivision into the two subcategories of Reliability and
‘Durability used in the document proper was considered, but'
--finally, a subdivision was established essentially on a

stylistic basis, namely; - ..
2.1 Reguisites: performance requirements which need to -

be satisfied. - [ . -

~

2.2 Dysfunctions: " performance impediments which need to
C - be avolded. - - .
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. » .. s, . N
g . . o

L Yar ) O
E'J;“ . . 3 Habitabilitx requirements ﬁealing 'with the health and comfort yf .
FEET T of occupants, further subdivided into: ., g R I S SN
, e .\.\ . - - 1 ANRY
: ‘3.1 Health. - N T -
. 3.2 comfort. Y ‘ B i .
& . R \ N : “n
S 4, Maintainability:® provisions for malctaining the system in ~
< good - operating conditions, Ve
. 0
bl 5>, Safety: provisions for mitigation of\hazards, further subdivided, . .
¥ where applicable, into:
e ) 5.1 Safety with respect to intrinsic ef}ects, gch askexplosion . .
. -8 of a system component. \
. 5.2 Safety with'réspect to extrinsic effects, such as earthquakes .
. . or fires fronr external causes. . A .
. ’ *The attrihu%é classification is reoﬂoduced for ;eferenée in. Table 3.4,
! It is to be noted that four of theSe five attribute clasd es (Functionality,
Operability, Maintainability, Safety) correspond to the chapter headings of the
& Solar Criteria (Function, Durability/Reliability, Maintainability, Safety), and that
a new one, namely Habitability, has been introduced. As stated before, the two”’
.y chapter headings dealing with Structural and Mechanical aspects have been omitted.
-4 N . -
. P - B LY 6
A . 312.3 Prpperty Classification - - - o
W As discussed in Section 2.4.1, the identification of commoné&?’parties both ¢ -
: significantly reduces the length of "the physica% classifica 3@ nd acts as as
filter or selector.to focus specific attributes onto groups physical entities,

. indeperdently of their location in ¢he building component hierarchy in a pabticular
4 implementation. Let it be emphasized that property is a phenomenon discovered. in the
current study and that anything sald about property is based only on the analysis of
the Solar Criteria. The current. study proposes the following major Qategories of
properties in the Solar“Criteria: (l) external exgosure,~ (2) internal exposure or. .
.- ‘contaét, (3) exposure to or contagt with fguids, (4) location, (5) access, .
(6) mechanical, (79 .structural, aAd (8) serving multiple housing units., As an -
example of how a progerty focuses gpecific attributes onte groups of physical
_entities, a specific-fype (3) propérty is "containing heat transfer fluids," which
focuses certain durability - related attributes onto those groups of phys eal

entities which do in® faat contain heat transfer fluids. A N

. onsidering that the notion of property has never been formally identified is
quite surprising’ that it occurs in a very large number of the provisions in the

. * .  document (see the "property" columns in Table A.l). Furthermore; it*is worth noting
that the properties identified are also well-structured hierarchically, as shown in
" PabPe 3.5. 7 ot

. . ) ,\\

3. 2 h Classification of Proyision . “ . ‘ - N "\

The three classifications - physical entity, attribute and property - described in
the preceding sections were applied to the 141 requirements‘and criteria contained

- n Chapters 1 through 6 of the Solar Criteria. Table A:1l presents the classification
"of these provisions based on the infermation given 'in Tables 3.1 through 3.5. .In
the table,zan entry is made only when the requirement specifically»applie to an
element of 'the classification scheme; thus, blank entries méan both’ not plicable

<« and applicable to all subdivisions of a given leveliv - :

-

. 4
. -

The table 1is nét claimed to be completely correet, nor the classification schemes
optimal. In particular, as mentioned earlier, the physical classifiGatton is
somewhat redundant, inasmuch as "collector" and "control" appear in both, the
sybsystem (Lével III) ‘and assembly (Level IV) classificatidhs. - Also, the provisions
dedling with the heat tlansfer fluid«are classified both under 'the "energy bransfer"
subsystem (Level III) and under "fluig" classifiication (Level Iv). .
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Second the interaction between the” assembly category of the physical classification

'anﬁ the~prop&rty category needs te be further’ investigated; af .present, the
. assignment of a prowision to entries iy one or both categorie§ is occasional&y
Ty arbitrary, reflecting, in some cases, the ambliguity of the tex example,
aCriterion 2.6.2% is entitled "Air quality" and thué suggests a provisign whose g!
A subject <4s the component "air"; the text of the criterion, howewer, dedis with "dqult
& . and fan systems", i.e., physica% entities having a property "exposed to aip " ;

.

-

Y .
¢ Finally, on’ the atéribute sige, c&e creation of the new attribute subcategory "health" >
apgears to be somewhat premature, as in many cases dealing with mechanical subsystems
the provisions are simply identified with the germperal attribute "h8alth and safety."
Similarly, the recurring statement "safe and efficient operation” defies precise
uclasSification by attribute at the present state of knowledge. !

Notwithstanding the above incons tencies, Table' A 1 could be used to review the °
Solar-Criteria and suggest changfg in the .organization of that specification based
. on’the following observations: i o . N

<, e | the physical classificatior occasionally too detalled, . i
and an attempt should be mad® to express the scope of a ¢

rovi&ion differently thanﬁp ¢xtensive enumeration of .

omporients. ‘s 4

"

. t 4 the treatment of the property classif*cation deseryes " o
coﬁsiderable further %tudy. .
', ) thel attribute categories should be more carefully defined
. and\en attempt should be mad " L0 solit the major categories N
ingo \more meaningful subcategories. ' . ; 9

“ N
= Additional ruﬁes of usage are given X.\thapter.s.

td the generation of summary statistics which

,the coverage of the document. ., As a simple
illustration, a frequency.cgunt of tie \attributes occurring in the provisions is:-

. given in Table 3.6. Such a ble couldibe used to ascertain whether the number of
provisions is commensurate wi h the inpdrtance and complexity of the various
* attribute classes.

The tabulationggiver also lends itsel
could be used to improve aigi"eyen out\

o 3 3 Structure of provisions .

*Tn tiis section attention is turned to the manne& in which provisions are put

together out of constituent parts. Structires ,are introduced which &llow one to .

"talk about" imporgant concepts whih are realized in the wording of provisions (as
. 1is done in Chapter 5). Section-3.3.1 deals \Wwith the structure of the provisions as , L 4
\\ they actually occur in the Solgr Criteria; Teble 3.7 summarizes this structural ¢ '

classification as it appllles t6 requirements.\ Section 3.3.2 proposes standard forms
\ for requirements and criteria which would exp] icitly incorporate certain concepts into
the, actual sentence structure. These propose structures’ are based on wording .
\ observed in tgs Solar Criteria; they forn the dasis of the'rules of usage elaborafed
\‘ in Chapter 5. i . -

w - ~

\3 .3.1 The Solar Criteria Provisions ot

r the most part, the prbvisions in the Solar Criteria ‘contain a subject foliowed by
a, redicate. This observation on structure can be depicted as follows .
-~ . N . s
\ . . .o . -
\ . . . . . .
he ° A\ 3

*Hereaiter in the text and in the: tables, C 1s often

-

vl

séd for Criterion

(e.g.,\C 2.6.2) and R is often used for Requérement (4.8., R 2.6). LN s

%
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A > e v -~ - s

N . T . T~ - f )
- S .~ 'SUBJECT : ' m'cm*s
LR Efamples fggm"éhe Solar Criterié are: .
- C &.6.4 PROVISION .
. . ¢ ':t ...' ¢ A - ¢
' SUBJECT PREDICATE
, Component; and materials used in shall not promote the g.rowth of fungi,
) the H, ih(:- and DHW systems mold .or mildew /
. . N [ . M . .
) T Rr27 PROVISION S ‘ ) \
e SUBJECT ‘ ' PREDICATE
) ) ’ ' Pipe hangers, p;.pe trenches and shall carry the static and operational
‘:‘ . * other supports ’ ) loads normally 4imposéd without impairing
- ’ i ! syste{n function. \
. )

%

~) ‘
. Note that in both cases the SUBJECT refers to ¢r makes some mention of a physical.

entity and the PRENICATE relates to one (or very rarely, two) of the performance
‘ attributes. o ’

So much for the simplest structure for provisions. Many provistons in the Solar
Lt Criteria are more complex. One additional complexity is the condition, a group of
words appended in front of the basic structure introduced above for the purpose of
postulating a certaih'@qplement&%}on. The structure accommodating this complexity
A. \ .Q

oy is: : ok 2
252@" . * \\ N , . i
. \ - PROVISION | .
X o .- \ . .
o \‘ - .
[y ‘ ' o CoNDITIOY i ' PROVISION ‘
¢ f . . ) JA
o A ~—_‘__—_—____,._— L7-—-~__4 .
T N SUBJECT * PREDICATE -
" Py ~ - -
Examples from the Solar Criteria are: e
C2,2.3 PROVISION .
o . » o .
» ' . - t
CONDITION ‘ PROVISION -
: R > ’ . /__,,.J
Wt - ~ . When a liquid is ysed as |, SYBJECT N - *  PREDICATE .
o the trdnsfer fluid and the p}p ng system snall be c‘apable of providing
. \ . . - ' . B
B [ . i quick-closing valves are , its ratied' output under design .
» “ 1 . )
. Yoo, + . emplo¥ed in the design -~ 1~ads,
f — .- ,
\ .
. . f
- - - ! . ‘ ) o )
. a T
-— . ‘. A
: - ) . - L4 L] , .
. : ’ = 12 - -
. 3 M L] . .
, 19 ,

W




PROVISION

cowpiTION = . PROVISION .

““4hén-dncluded fn the " SUBJECT PREDICATE

design - . the storage subsystem shall be capable of

providing its rated

1

output under desigﬂ

v — loads.

»

C 2.2.3 uses a condition to postulate an implementation using a liquid transfer fluid .
in conjunction with guick-closing valves in ordem to call attention to the problem -
of "water hammer." R 1.4 postulates an implementation using a storage subsystem to
call attentlon to the necessity of providing rated output under design loads. Note
that'these provisions postulate the incorporation of certain physical entities
in acceptable designs without specifying the incorporation of those physical,

entities. ¢

Another complexity in some provisions I's the presence of a property (see Section
2.4.1 #r an introduction to the notion of property). Properties usually, fake the
fdrm of groups of words in the subject position which modify (and come ad%en) words o
which'refer to some group of physical entities. They are—used in provisions to .
group together a number of physical entities in a possible implementation which are
‘subject to the sqme dysfunction. The following examples clarify these points:

s g
v

- -~
.

c'5.1.2 PROVISION i e

¥~ SUBJECT PREDICATE

S

N ' shall not degrade under in-use
~

- A '
Components PROPERTYX - conditions to the extent that their

[

that are intended to be function will be impairéd daring their
buried in the soils . design life. *

I
ar

.PRHFCA$£
t ’hd .
shall be capable of sesisting

‘H, HC and DHW system PROPERTY - impact by hail without unacceptable - ,

N Y

components and sup- expgsed to the damage: N
A

borting~s€ructurql natural environment

elements ey

l: TC 3-463 0« 773
,.[{\y 33~ -7
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First, notfe that in the subject position .in both these provisions, a word or group of

. wopds reférring to a.set of physical entities comes first, follewed by‘a property , e

which modifled the precedimg word or group of words. Note alSo.that the predigate in-:

each casé menticns a dysfunction (degradation in C 5.1.2 and impact by hail in R 3.7). °

that applies.to the physical entities grouped together by the pioperty (components

buried in soil in C 5.1.2 and components exposed te-the natural
e b

@nv}ronment in R 3.7).
Table 3.7 glves a representation of every requirement in the Solar Critexia in terms
of the concepts Just discussed. A few ebservations concerning these represegtations
aré in order. First,-there are two requiFements (R 1.1 and R 4.5) which contain two
sentences; in both &ases .the table glves a wepresentation of the first sentence only,
since it was felt tnat only the first senterite-could stand alkone as a requirement.
Second, two reguirefents (R 2.6 and R 4.5) were re-worded in order to betger fit
representatiorn scheme; the re-wording dees not. change the meaning of either of th
requirements .as they occur in the.Solar Criteria. Third, the consistency.of this
table wlith the classification of requirements given in Table A.1l is not guaranteed
in every case. This is beciiuse extensive re-wording of thé provisions would be

he,

~

necessary, and re-wording from the origlnal text has been kept to an absdlute N
minimum; e.g.; Table®A.l splits requiraments that agdress.two attributes whereas >

.

Table 3.7 leaves the original wording intact. Finally, as discussed beélow, criteria
could be subjJect to the same sort of representation schem@ above equally successfullys,
though this has not been done. he only obvious problem in the way would seem to be
that the complexity of the wordihg of some of the cPFiteria in Chaptér.3 of the ;
Solar” Criteria exceeds that of th'stryctures infroduced. .

\ \

3.3.2 Proposed Structures for bevisions ) i *

., N

The .provision strucBures introduced in the previous seétion are applicable equally to
requirements and—eriteria. This section introduces tentatively proposed structures
which.distinguish between requirements and crfteria. These structures ape based on- .
«he wording found in some of the proyisions in the Solar Criterias They are not as,
generally applicdble to the actually-occurring provisions as the %tructures introduced
in Section 3.3.1.. .The structures in.this section can be thought Of as proposed models
fur rewriting currently existing proviiions or for composing new ones. As such, they
form the basis of the rules of usageAinXChapteq.S.

’

The tentatively propogéé/é%ructures for yequirgmen s are now introduced.
pasic structure: ‘ . & P

. °

First, the -

- B N -
&

REQUIREMENT . . s, ‘
/ v L l. . . O -~
‘. v » » 2

'3

SUBJECT

.. M
.. \
< M 1]
L ] R . N .
The only structural innovation here is that" the prédicate is composéd of two parts:
an opefator and an attribute. The operator always’ consists of "shall” possibly
féllowed by "be," "not," or "not be.l' The _attribute is a seqﬁence.of'words relating
to one of the attribute classes. N - ) i )
‘ ) ’ ( dD
. ‘ <
. 1 ’ ¥ . 4
k3 ‘ s o . > 1) .
- s . .. . .
. . .
,aﬁgy‘ . [ 3 \SE‘: r;‘i Dt.,; . ‘”\ .
* N R . - f > ‘:(4’:3\!{‘:@ . f.
. . ﬂ A
o ¥, . " . e s
, . ) , . 4 -
* "
A e v r ‘ \ ~ e - 4 . ‘.
< Y u .
Fa . R /‘ , A ’ 1 - . &
- N . . e, ;
- . ,os 23:1 - ] . ) _
‘- » . ,
. . L P ¢ Ne e oo T . —




~ °  ATTRIBUTE

*shall be s *" ‘capable of Icoll‘ecting

v -
A h

and cionvrt:ing solar

energy into thermal

ARTRIBUTE

. »
failtsafe Jn’ the event

‘

of damage fo systeﬁ"

.components or a power

.’ failyre. P R

Note that in both cases t e operator is "shall 8e" and.that tie attribute In R 1.1 is
/’fw a sequence of words relating to the rating attribuae class, wqile the attribute in
4.2 relates ,to intrinsic .safety. L

»
“ ¥ . -

o The %roposed structures accommodate con&ition nd roperties discussed in the .
P
preceding section, as the- I‘ollowing examples s

3
A “

. R 1.4 *REQUIREMENT "
T N Ay

e

com)rmn/
|

Whert included ,

"% in the design

° )

".G sha],-1~be capable of pro-
- * 'l ° - :\
’ ¥iding its rated

output under

; désign loads,




« assemblies

-

transfer fluids‘

»

] '&'Rf i o . .
p 2 . . N - .
: s ‘ . CL -
- . - . ._/\ ) ? - &J B ¥
- -bﬂn» - . 7 . - .
R 2.3 . REQUIREMENT - . . C
- - . - ‘ . '\
SUBJECT ° . Lt PREDICATE - .
' . ) . £ ' . .
' PROPERTY ° - * OPERATOR ATTRIBUTE e,
Systém containing heat shall not leak to an extent

.

[ ]
greater than that
’ A

speci?ied in the -

design when operated '_/

at the design
condition. /
= . . N —” = N - 4
. . - N , e o

Attention-1is now turned to tentatively proposed stri-tu::s for criteria. Everything
- Just sald about parts of requirements applie$ to parts of criteria with the exception
of.the .attribute. That is, criteria and requirements are similar in that both can
contain conditions and properties, and in that both can contain the same Qypes of

subjects and Operators. They differ ih that where requirements have attributes, -
criteria have measures. A measure states the level of performance that the physical .
entity must achieve in support of the requirement assoclated with the criterion. A
- - measure is composed of two parts¥: a phenomenon, which identifies a dysfunction to , J
. be awoided, or a requisite to be assured; and a quantifier, which states a method for ’
- . avolding’ the dysfunction or assuring tne reguisite. . 1 P

.

. . Criteria can be clasEified according to- ti€ ways in which they specify methods for
assuring performance. A classification Based on the analysis of the Solar Criteria
is now presented First, there are these criterid which refer "to other codes or
. . standards for complete conformance—che King procedures; these criteria are called
implicit criteria (see Example 1 below All‘other criteria-are explicit cpiteria,
of which there are two sub-types: complete and complete. In;gmgég;e-criterianare 3 '
those in which no quantifier is stated;,only such Words as "is a" or "is )
... . assured" are used (see QXaleeaa below). ‘The two sub-types of complete criterid are
. existence criteria - thds&yim which the existence of a device or concept is :
specified in the quantifie (see’ Example 3)°and value criteria-- those in which a
value 1is specified“in the quantifier.
J , LY
- There are three sub-types of value criteria:; wvalue from document -+ those in which
.the value which assures performance is.given in the solar criteria document - either <
. in the crifgrion under observation or elsewhere in the document (see Example by,
R value from design - those in which the value 1s stated to be governed by the design .
of the system (see Example 5); and value from other source = those in which the

. -

. value 1s sald to_he obtained from some other code or standard (see ﬁxample 6) This

., classification scheme is summarized by the following table: .. .
. v : ,4 ’
: . - Criterion ) Y
S . T ‘ ' :
. 1 Implicit . ’
. 2 Explicit * ¢
; ! . 2.1 InCOmplete -
3 = : - 2.2 Complete . o '
4 . - . ¥2,2,1- Exist ‘ - , ’ ,
¢ & o 2.2.2 Value ; ..
& R . 2.2.2.1 Doculent - P ' s « .
g - ’ Y 2.2.2.2 Desjgn: St .
U . — 2.2.2.3 » Other SOurce 5 o
Ey . o . / \ ‘ ) . Y]
. ’,*Except for measires if “lmplicit criferia (see below); these are npot subdivided.

: LT * N o . .

. - SN : . =

SR AR -~ ‘ 16 o e :

N VA . i ’ 3,: ~ , . , ’
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.
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. A

.

24

N

The folioh;ng trees are displayed in order to better‘explaiq the quantifier’

;The wérding of the criteria in these trees 1is not alway§ the

the wording in the document; rewording i intended to be' withodt change in
\ .- P 2 A

. constituyent.

Example 1 - Implicit Criteria - C 4.1.1°

s ., ’ .
fiote that the measure here réfers to another source for the.whole conformanke—checking *
| v . .

procedure, *

. » v .

SU§JECT

-

i -
Plumbing materials
-~ <
. + and equipment -

' /

.

N

CRITERION ~

OPERATOR <

shall be

. - ' . (S -~ . s
. .. "Méasure in implicit criteria is.not subdiwided into phenomenon  and gdantifier.

i

-

-

Example 2 .~ <Incompiete Criteghon - C 4.2.1 .,
. K ’

The Tirst sentence ‘of  this criterion contains two phenomena - damage to
Phe following exampie 1s an analysis of the“part dealing
on is incomplete in that it does

and danger to occupants.
with damage to components.

not introduce a gqphtltative measure.
° .

-
.
. ~

[ > . 3 : . ' ? ’ )

3 (\'B.
LI

/The control

T ~ subsystem

Note that the criteri

BJECT /

»

CRITERION

OPERATOR

shall be

-
- .

.

~

-

'same as
meaning.

i

-

PREDICATE

1
» <MEASUKE
| B
installed in 1@cordaEce

with the MPS and ANSI Al19.1

f ‘. \

By

components

’

’ N -

PREDICATE

~

MEASURE -
L4 ,
is dvoided

’

PHENOMENON -

.-

) - .
. - : designed so that damggé to components
. > _— T and the building from excessive . )
tempergtu;es or pres;ures d?yeloﬁéd
in the evént of a gowér failure or

component failure in the control

1 sys tem -
. . ’

4 . - NN
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"-»‘\'..' o h « v * . .e > T
N oot o RN ) R T, S
Vgt vt Typiist . - . . <
i : *Example 3 - Existence Gritergon = ¢ 1l.7.4 - ) ¥ .o
Y T ° e
é’ Thé first ..entence of this criterion is reworded and analyzed as follows:

- - . s . + ¥ + -
e . e . " CRITERION . ) .
‘ . o 1) ' v
St R SusJECT ¢ - PREDICATE . [
3 . . g . ]
. i The DHW .ystem/ ~ ,./ . ) |
e . subsysten v OPERATOR ' SURE! .
‘ . . _ shall be .
T —— ° Pmoi\mon QUANTIPIER
i1 \ e L y 3 N . .
: ‘e ° . . . { T e T _._ designed Bo that is assured by
* : . - the régulation -..  providinga ' ..
. > . . of domestic water + manually set, -
. ¢ ; output temperature autbmatic control.
- N ’ ! . e s - -
Example 4 - Value-From-Dofument Criterfon - C 1.7.4 . T
{ . - .
The second sentence of this criterion is reworded anll analyzed &s follows:
~ . 3
‘ : . , ) CRITERION L .
’ .
: . i - N
. ’ SUBJECT s . PREDICATE s 7 .
[ ( ) - /) L ¢ . -
s * ) . URE .
\‘\ ’ a The DHW system/ - ) .
Do © subsystem s v
G S . QUANTIFIER , .
) ) ‘ oy ., ) . L {
Tz Ny AN L. - designed so that - = ghall be
0 . . wdter témperature capable N
-/ R ;. at the DEW béing controlled
- - - ' ; . storage tank } . wWithin the
‘ N . ' . . . range,of 105°
: . . . o . to 160° F.
Example 5 - Value-From-Design Criterion - € 1.6.1 . .
7:.;,% R - B .
g - . .
?“, : » ‘ *
]
8 . .
. a * SUBJECT } \,
o - =] ,
The energy transpprt . : . v -
X _ N subsystem/ OPI TOR e ’ - .
é:f; ’ L) < -' ) . ~ .- shall be o~ . .. N / »
3 - oo EL . pmm MENON ~ QUANTIFIER
¥ - . ¢ .
PO . $ ‘ . -~ J -
¥ o “ Z design d sg that - ° shall not
. . thermal losses and - . exceed the. »
: . ugse of electrical ogeratd.ng °
N K . _ power . _ design yalues.
\\ ‘o RIS ’ _'” i ‘ .
A ’ -
i * o Ve
\‘\‘ ~ . * - . ¢ '
. N 3 : To- .
¢ \ o
x N ?
AN a ' “ 18 o o . ’
Ko -\ _ ‘. . bl BN ‘., !
B - g o Ve - ’ ‘
%“ \) . \ - - - 2 5 - ~ < ' Y , -
i]: MC . ' . — - -
. . ' v 2

>y

.

A




Example 6 - Vqlue-From—Other-Source Criterion -C 1 2.2’

- -
- -

CRITERION

SUBJECT
The DHW system R
- OPEKATOR

shall be

4 -

¢ éesigned 85 that” shall not be
‘ the storage less ,than the -
capacity . volume specified
‘ N in the MPS.

3.3.3 Test ™ - S o .

’
~

PHENO QUANTIFTER

. v
«

. - . \ a
Following -each criterion in the Solar Criteria there is a test or evaluation which
sets forth tHe methods upon which an objective judgment can, be made that the
criterion has been complied with., Two general types of tet methods, each with
three subtyp@s, have been identified in the document: .

Test Methods A !

A. Analytical®

1. modeling'

»

- calculations

3. .inspection of plans and specifigntions

- B. Physfal @

* e
E

l. testing NN

o . . 3
.2, documentation of historical perfoxmance

~§3v . 3. testing in lieu.of calculations and performarntce

]
Examples of each of the~above are: ; ~
-]

pre e

(AL, E 1.1.4, ". . .An analytical model : . . shgll be utilized. I ."

~

R & ., >
A2, E 1.1.1, ™. . .calculations based upon ASHRAE analytical methods."

(R

A3.- E 1.7.3, "Review of drawingo and spectfications."~

Bl. _E 3. 4.1, "Physical simulation and testing. "
’
E 5.1.2, “Documentation of satisfactory long term performance
under in-use conditiong. . ." ¢ .

g RIS S e s
s 7 y

B3. E 5.3.4, "Where adequate existing information is unavalilable,
testing. . .will be used." - . -

. o .
. -

T A -
R

There seems to be no reason at this time in the development of this classification

- system to analyze the structure pf evaluation statements in the way that requirements
and criteria have bgen. analyzed. This is because ‘such statements are of little ’

\ginterest in and of hemselves; they acquire, interest and importance only as they are
‘associated with their related criteria. This cne.Q§ the hierarchical relationships

. discussed in the next section.' .

GG

’;

~
>
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~. * . .
3.4 ReTC Format L . o ’ N

In this section, the two organizational requirements introduced in Section 2 4.2 are
explored in light of the proposed structdres discussed in Sectidn 3.3. '

First, a criterion should be related to its requirement by the fact that it’ addresses:
{1) 'a subset of the physical entity; (2) a specific property associated with the
physical entity; and/or (3) a subset of the attribute class addressed. by the
requirement.
Examples of these three relations are now, presented in turn:
! l) R L | addresses'plumbing and electrical materials and equipment
A4 * .
rC .,1.1 addresses plumbing watepiars> ana equipment . .
C 4.1.2 addresses electrical materials ‘and equipment
,s_ﬂ
2) R%.6 addresses all materizl and equipment R
6
6.

.1 address®s materials in contact with potable‘water

1 -

’ C 4.6.2 addresses subsystems utilizing nonpotable heat transfer
) : fluigs N .

C 4.

3) R 1.2 deals with the amount and temperature of ghe potable hot
: water to be supplied. }

A
C 1.2.1 deals with the acceptable temperature of potab*e hot
water O S

»”
C-1.2.2 deals with the amount of potable hot water.

.

Second, the evaluation needs to b¥ directly related %to tne type of measure given in
the criferion it accompanies. Using the elassification of measures presented in

. Section 3.2.2, the following observations can be mede: -

ERIC

Aruitoxt provided by Eic:
e

+
-~

¢ ¢ The existence measure seems to be the most general and any - one

- E 1.7.3: Review of drawimgsgyand specifications.
L] . 4

of the six evaluation types may be associated “with it

e The value measures seem to call for a restricted set of evaluation
. types, presumably on the basis that if a value or range of values
can be established in the document, there probably is not enough
uncertainty to warrant the use of all six evaluation metths
¢ The implicit  measures also seem to be paired with a réstricted \
subset, presumably because these criteria usually reference
prescriptive codes and such codes do not. generally allow for
_confdérmance checking at all six of the evaluatiol levels; for
examole, testing 1is:not allowed. . - ¢
Examples ‘of criterion - evaluation pairs follow, oneﬁfor each of the th;ee measure
types.

. v

. o EfXistence measure » - e

C 1.7.37 The DHw system/subsystem shall be provided with a
manually set, automatic control that provides effective regulation
of the domestic water output temperature.

. . . . ’ ¢

¢ Value measure ., L

.- ° &

C 1.6.1: Thermal losses ‘and use of electrical power dn the

energy transport subsystem shall not exceed the operating design .

yaums - s,
E 1. 6.1: Englneering review of drawings, specificatlons, calculations .
and test data. r

. . .
0o .

e 20 oy , )
' ‘ l : 2 7 4 !
' , .

e




e

.- <

e Implicit measure ) L <
shall be installed in accorBarce with
4910.1) and Part C of the AN§I A119.1,

atlons, and specifications.

Section 615 of the
€ 2.7.1: Piping where applicable.

MPS "(4900.1 and
" B 2.7.1: 'Review of drawings, caleul

!

. - - I3 . .

OIRAAS
Vb
-

ArL s
. ]
Py
/
Ty
.
.
.
1

S
RN
P
&
2
z
=
=
&
-
:

»
. -~ . "<
- .
. L
.
> - )
’ ~ . , ,
- -
. R ,
y !
5 3 .
- , ]
- .
.
- — 3 ’
- . . ~
< »
. i A
s
.
(S Ld
. . t ‘
o
” -—
7 :
L 4 . K ' .
- .
' »
.
- hd -— »
- . ‘-
.
. - _
. ) ’ :
: L4
: ' '
~
-, < .
.o . .
. - - - s _ .
;
E 7 .
)
) . ’ &(
’. o |

o
- Al

© -

. “.

- . ‘ N .

e ) -
- ’ e
s . . ]
. . ’
- -
3
.
L] - "e . » R .
-~ &, . E I \ N
- ‘ ,
d : . . .
.
.
. , .

* /

-

33346307 -44 * . ‘ 2 8-5‘ - .
. ¢ 3

R

£




. Level: f f,‘ .

.

Table 3:1

Physical Classification

« II ¢ IIL

IV-VII

'Globgl‘ _

Subsystem

Assembly -

&
A. System

Collector
Storage *
Transport
Control
Aux. Energy

-,

\

(See Table 3.2)

18. . External

(See Table 3.3)




e ‘ " Table 3.2

Classification by AssemBly
. ' (Sy’'stem Components)

Level v vV VI VII

12

1. Mechanical

1.1 Motive
¢ 1.1.1 Pump
1.1.2 Fan

1.2 Heat Exchanger
1.2.1 Heater
1.2.2 Condenser
1.3 Conveying =~ -
. 1.3.1 Piping . .
ﬂ 1.3.1.1 Manifolds .
1.3.1.2 Circulation Loops
1.3.1.3 sCatch Basins
"1.3.1.4 Drain/Fill Attachments ;
1.3.2 Ducts

1.4 Hangers

-

2. (Electrical ~ r
3.' Sfructurél
3.1 Conventignal *

<, T 3.1.1 Ultimate strength
3.1.2 Working stress
3.2 Non-conventional ’
4. Collector .
4.1 Mounting ) "
4.2 Glazing ' :

. ¢+ 4.3 Cover Plate

5. Control ) ’
5.1 Regulators -
5.2 Instrumentation

. 5.3 Controllers

5.4 Shutoff Valves _ : -
6. Flutds ; o
« 6.1 Liquids ) o0

. 6.1.1 Hazadrdous or Toxic
1]

7. Filters T ) 4 -

AN

‘8. _Gaskets. and Sealants
R . o
- ..'\"““‘ .

o
‘}—(u‘\"‘
)

N}
T
¢ . Py .
. r\n\“‘ ' -
b . .

.
, H
'
’
DS v
- o 7
.
3
- \ \-.‘ . - o
- a - . B .
- " . . 4
»
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FRE .

. 5 ) : '

.\ ~ ' Table 3.3 ' -

A . M 3
. . . Clagsification 6f External Elements' . .
- e < ~ N ]
. - 1
Level: 1V . \
1 4 ’ ) @ ’
’ 1. Drains , - e .. ’
- '\ L
2. Supporting Structure - ‘
' 3. Fire Resistant Assemblies ' . ‘
! s o~ N “ . ‘
- 40“ Manual . \
¥ N -
B d =
N 1 - e -
”~
) . .
_ v O " e
* -
’ 4 . ]
- . A
. ° ¢ . s Co.
cu . . ' ' N - f .
- + - s
. i ¥ ) —_ . 2
. s v
X . - . . -
, .
) N - 4 P - 2
v ‘ * v ¢

> i e .

e - o - . .
7 B . .
B - ® N
2 .
e [y * hl -
= N 3

JRN

P
¢
s
3
"
.
.
»
*
»
v
‘ .
M

ron ‘v“::\ ~\-M"
«
.
3
’
-
-
4

P
.
-
&
&
B




' Table 3.4

Classification of Attriﬁhtes

*
¢ - :

. Level: I II

1. ‘Function;lity

L]

, 1.1 ‘Rating

1.2 Efficiency

Operability

2;1?'Rgguisités
2.? LDysfunctions,
Habitability €
3.1 Comfort |

3.2 Health =

N

~ Maintainability

< ,“5;4 Safet}; ]

A

-
r

5.1 ;n;finsiz
/

5.2 Extrinsic




B

. Claésification of Properties
Pd - .

Table 3.5 .

Level: I '1II - -, \
hd - M ’ Y - - [
1. External Exposure )
. 1.1 Rain, Hail,. and Ice . -
* 1.2 Pollutants; Solar Degradation .
1.3 Freezing
1.4 Wind . :
‘3. Internal Exposure or Contact (other than fluids)
2.1 Elevated Temperature and Pressure T
- 2,2 Dissimilar Materials -
. 2.8 Leachates-and Dec‘bg{osition Products - ‘\
3. ‘Exposure to or Contact with Fluids % ‘
3.1 Potable Liquids . n
3.2 Non-Potable Liquids ’ ¢ :
3.3 Corrosive Liquids
3.4 Presdgrized Liquids '
3.5 Liquids Ré‘quiring Special ‘Handling
- 3.6 Air ¢ .y
, ., Y
4. Locatiom- Y-
~ 4.1 Elevated . "‘sﬁ ’ N
‘ 4.2 Buried % .
N Y
5. Access ’%"; ~
5.1 'Requiring Access % .
. 5.2 Accessible to Occupant :
< T 3 * D% .
6. Mechanical * } o
’ 6.1 Subjechi:‘to Vibration . -
6.2 Involving Moving Parts ) -,
g - ) N
7. Structural ’ - -
- - 7.1 Requiring Cutting-
. 8.- §ervirig Multiple Housing Units o *
9
. * 26 ) )
) .33
o e . ' .- R J}\
’ . 14 > * ! . '“;:,\ :
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R Table 3.6 T
: Frequency of Attrib;.\tes
( Number of
Attribute, References
1.] Rating _ 15 v]
1.2 Efficiency”® - S 2 .
2.1 Requisites ’ 40 v
272 Dysf;mcgions 61
3:1 Comfort 7
1] -
3.2 Health ) 9
4 Maintainability f 18
5  safety . 9
& ©. N
5.1 Intrinsic Safety : - 8 _
? ~
3
p -
—_— ﬁ "o - J
> ) N -
’ R L) l\‘ )
' .
{
A )
S | , .
. 27 L
( . 34— )
® # _ . h . «




Table 3.7

Analysis of ReQuirements
_ - SUBJECT -
CONDITION -PROPERTY PREDICATE

_The heating (H) and . . shaii be capable of kollecting and converting solar «
_ c°mbined heating and | energy into thermdl energy. ’ . .
cooling (HC) system
The domestic hot water ) - shall be capable of;tollecting and converting radiant
_(DHW) system7subsystem solar energy into thermal epergy which shall be used
. in‘combination with storage, where provided, and
-—J . auxiliary energy ta supply an adequate amoynt- of potable

) i : - hot water at an acceptable temperat?re to meet the

& e . needs of the user.
The solar collectar shall absorb and convert incident solar energy into
" useful thermal energy.

When 4ncluded | the stbfage sggsyjtem . - shall be capable of providing its rated output under
in the design, - design loads.

The presenee of the | } ',~ . shall not significantly afféct the efficient operation

-

~

system components of the H, HC or DHW system or the habitability of the
- : V»dwelling ) .

The epergy transport shall transfer gﬁb reqpired thermal-energy between the
subsystem operating subsysngmg dt-or_above qhe design efficiency
& under design full load conditions.

o -

The control subsystem shall provide for the.safe‘and“efficient operation of
' . 7 the H, HC and DHW systems. *° .

The auxiliary energy shall be integrated into the H, HC and DHW systems to
- subsystem the extent neceséary to automatically provide the
designed heating, cooling ahd domestic hot water.

The systems fof“heating . . _shall be capable of. functfoning.at their designed flow
" () and combined heating . rates, pressures and temperatures.
and copling (§C) and the . . . '

domestic hot water (DHW) ‘. e oo

system/subsystem . N - s

' Mechanical stresses that ‘. 3 :| shall not, cause damage or malfunction of the system
arise within the system or its components.
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Thble 3.7 (Continued) - .

fluid

not impair‘its heat transfer function.

> SUBJECT -
CONDITION ~ _ PROPERTY - PREDICATE - ! -
R 2.3 System assemblies containing heat | shall not leak to an extent greater than that specified
’ tradsfer fluids | in the design when operatéd at the dbsign onditionst
R 2.4 The collector subéystem shall be capgple’S?'being located, oriented, and tilted .
v : Toe quired by theg design to capture sufficient solz}r
- ’ //// energy to meet functional réquirements.
R.2.5 ! Shutdown of the sub- - shall not impair the distribution of energy to othet,
gsystems in one dwelling dwelling units of the building.
unit i
The heat transfer ‘Shall be,maintained at a level of quality that does

of the heating (H),
combined heating and
cooling (HCY and the
ot water’ (DHW)"

stru tural»elements

and standards and $hall be based on loads anticipated
during the service life of the systems. . '

kS T - 4

~
.

N

»

R 2,7 ‘ . Pipe hangers, pipew v shall carry the static and operational loads ‘normally ~
. . trenches, and ‘other imposed without impairing system fufiction. .
“ Supports 7 i ; N .
R 2.8 The pipiig system and P - shéil be prqtected against rupture or- 1ﬁakage from
- associated equipnent excessive pressures and temperatures. .
R 3.1 The structural design’ shall be in accordance with nationally recognized codes

-

F shall not fail under ultimate 1oads expected during

R 3.2 The étﬁuctural elemqnts’i,
and connectfons of the = . " the” service life of the system. ‘ ..
. H, HC and DHW systems B o
R 3.3 . The structural elements shall be designed to withstand service loads without
- R and connections of H, 4 damage of unacceptable magnitudé.
HC and DHW systems. , ' a
R-3.4 - The structurgl elements shall not fail under the application of Cyclic loads -
¢ - .and connections of H, > expected during the service life.
HC afid DHW systems v am
Cutting of sttuctural shall not reduce the ‘required load capacity ‘of

-R 3.5

elements for the install-

1 ation of H, HC and DHW

systems

Structural elements.

1
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\ . d Table 3.7 (Continued) , ~ .
. \ B .
. V.. - .
L o SUBJECT ’ s —
CONDITTON . PROPERTY PREDICATE~
= s T, 4 L . o
R 3.6} - The load capacity of " shall¥not be impaired by the effect of creep and :
\ structural connections 1 residual deflettions.. . .
- i and elements supporting . . .
: the II, HE and DHW system ¢ | - - -
. "' | components .
R 3.7 t i'xv HWTDHW system exposed to ~the shall be capable of resisting impact by hail without
‘| corportents and support- . | natural unacceptable damage. - -
ing structural elements environment ¢ > . ’ -
R 3.8 «|-The structural elements '\‘!:hall comply with Critexiott 3.2.1 while simultaneously
’ and connections of H, ubjected to constraintgloads expected during the
ﬁc and’ DHW systems gservice life. .
\ R’3 9 'Ho;yizontal surfaces of . shall be desigped in a manner that will assure ! ‘
N t;he\H, HC and DHW . stability in service under ponding conditions.
N . systems - . e N
R QEL - The design and install- / shall be in accordance with nationally recognized -~
e 2 . ation of tha systems N .| pPlumbimg and electrical codes and standards for heiirh
for heating (H), combined | . . and safety, where applicable
heating and cooling (HC) |~ - - -
and th&€ domestic hot . - . $ .
B ' water (DHW) system/ . ) . ° t . .
/ subsystam and th'eir ! . e .
components e .
£
R 4.2 / “ |.The H, HC and DHW shall be fail-—safe in the event of damage to system
/ systems components or a power failure. o
R 4.3 \‘,//{' w ‘| The deSign and install- ‘| shall provide 3 minimum level of fire safety consistent
Vo, ation of the H, HC and b with applicable cod®s and standards. ¢ J
J/ ;./ ' DHW systems and their , e .
Y i components = ° - S
R 4.4 |- n Heat transfer fluids which require shall not be used unless the systems in which they are
. Lo ' special han- .used are designed to avoid expbsing the occupantd of .
¥ | . ; dling because "dwel.lings to unreasgnable hazards. .
. o of toxicity and - . \z .
: 1 i or flammability o . ’ R -
\ ! A v oo . . .
\ w—— "“; , b
\ / BN -, - -
. | N « . ;
\\ /\’ ¢ ’ ‘ ’ ’ % O.
o~/ - . . .
' S ’ ) . -
[ - - ¢ - N ’ “« . :

O
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able 3.7 (Continued) )
° - . SUBJECT - . - ’
CONDITION i PROPERTY * PREDICATE 8 .
.= The H, HC and DHW -systems. B shall not unduly hinder the movement of occupants of -
: - the building or emergency personnel.
. No material, form of - "shall bé employed that will support the growth of ]
construction, fixture, Tl * micro-organisms or introduce-toxic substances, == o
appurtenance or item of : -, . impurities, bacteria or chemicals iato potable water or
equipment . air circulation systems in quantities sufficient to
! \ i - | cause disease or harmful physiological efifects. *
Temperatures of -eXterior ) shall not create a hazard. ’
surfaces of the H, HC . . - «
and DHW systems* * : -
The systems' for heating . shall not. be dffected by external egvirommental
N (H) and combined heating - ! factors to an extent that will significantly impair ¢ .
¥ and cooling (HC) and the . their function during their design 1life. .
) domestic hot water (DHW) » . :
system/subsysten and . ' . '
> their -various subassemblies ' .
° .Components v shall. be capable of. perfoming their ‘intended function
: for their design gife when gxposed to the temperatures
’ e {3nd pressures that can be developed in the system.
Materials used in the. W . shall have sufficient chemical compatibility to prevent
° systems-and their various # . corrosive wear and deterioration that would significantly
A subassemblies . - ) shorten the intended service life of compdnents under -
> : ' in-use conditions. _ -
NS « '] Components that involve shall, with normal maintenance, be capable of performing
. « ¢ ' ) moving parts | their .:Lntended function without‘ excessive wear or
) M ) detericration for their servicé lives. \ .
The systems for heating L. ' shall be_desigted, constructed, and installed to . : -
‘\ (H), combined heating provide sufficient access for, general maintenancs, : ' ..
.and cooling (HC) and the oo convenient servicing and monitoring of system
. domestic hot water (DHW) ) performance.’ . .
system/subsystep . N g =
A manudl N . ) shall be provided for the installation, operation and -
. : 3 | maintenance &fithe H, HC and DHW systems. - °
. The H, HC and DHW ' . | shall be designed in gsuch a m¥aner that they can be - o
= systemsg - . conveniently repaired by- qualified service personpel. s *—@
o ] 4 . o ¢
v . . 7 4 - " S -
o~ 2 oy . - -

‘ o . ’
s . . » N : ' . 42" . ..
e * . . z L -




4., APPLYCATION TO PLUMBING CODE .2
‘This chapter provides an analysis-+of an existing'prescriptive sﬁecification to
determine how its information is classified and organized. This, when added to the
performance document dealt with in Chaptér 3, provides a broader spectrum for the
analysis of specification provisions. : . . .

[

4.1 General .

\ ) . R
The provisions of the Uniform Plumbing Code Tb;ten referred to hereafter as the -
"piumbing Code™) [21] are analysed by: 1) Physical Classification and 2) Attribute
Classification. This analysis differs from the previous example of classification of
the Solar Criteria [see Chapter 3) where provisions_ are analyzed by: Physical -
Classificatfon, 2)-Attribute Classification and 3) Property. In a performance
document, the ¢lassification of prdvisions by "property" encourages te use of .
innovative matferialsiand methods of construction. An example of the uke of a property
1s "assemblies) carrying heat transfer fluids." This wording in_a provision allows
the use of any assemtily which sat sfies the property. On the other hand in a
prescriptives ddcumentisuch as the Plumbing Code, the assemblies or components which

~ should satisfy a perticular attribute are enumerated. Hence, the concept of property
has no place in 2 préé?riptige document.

1 A
3.2 Classification H h
“, 3 ° . - . “w ¢
)f Classi}ication schemes Tor organizing the provisions of the Plumbing Code are developed
/gnd presented In this cQapter. These include classification sS&emes for|phx§iqab
entities and for attribuses. The classification of provistupns of the Plumbing Code ,
is pre ted in Table B.3, Appendix B. These classifications were derived irom the
., Plumbing Code, and, as was the case for those derited from the Solar Criveria, these
are not to be construed ds final or delirite. - )
- kY o

§.2.1% Physical Cla§sificétion - N

«

S

Table 4.1 presents the ové%all physical classification scheme developed in this study.
Through an iterative procesgs an acceptable framework was developed for encompassing
specific terms for physica entities gppearing in the Plumbing Code. The top level .
(Level I) of theg physical ;gissification scheme is labeied as Global. It addresses
the entire plumbing system 2 maybge identified with ‘any of the sybgroups of the
physical classification sch s. Level II of the physical classification scheme is .
labeled as System. It incluids the entries: Drainage, Venting and Water Distripution
Systems. ~ Each of the above Bystems are separately subdivided intc Subsystems
(Level I1I) and Components (delel IV). The entries identified at this level appear
in Table 4.2. Level V of the physical classification scheme is labeled Assembly
{Global); it 4ncludes only the.eniry Fixtures and Equipment in general. Fixtures
and Equipment is further subdiyided into AssembIy (Level VI) and Elements (Level VII).
The entries in these two.level§ are given in Table 4.3. Level vViIIi of the physical
classification scheme is labeldéd A purtenances (Table 4.4). This includes elements,
subelements or components appld) a5§e To any of the subgroupings of the physical
classification scheme and is th refore an independent: grouping. Level IX of.the '
physical classification scheme, s-labeled Materials (Table 4.5). This is alsc-an- .
independent grouping and is appiicable to any of the other subgroupings of the physical
. c3assification scheme. 3 -

4.2.2 Attribute Classification ) - . = 7

- A R LN
The Plumbing Code does-not specifyiperformance attributes. Howevel, other model
plumbing codes do include specificQiperformance rules oy principles which are intended
to cover situations not specified 3 the body of the codes. The first code to include
specific performance rules was the'Yational Plumbing Code [1#]. These rules aré
reproduced in Table 4.6. Another ddcument identified was the HUD Operation Break-
‘through Guide Criteria [10], which fpcludes a performance attribute classification
scheme for pawmbing.. This classifichtion scheme is reproduced in Table §,7. Initisal
attempts were' made to‘claSQ&ry the pRovisions of the Plumbing Code using the avove
two attribute schemes.. The groupingsyunder_the two schemes did not appear to be
unique and. seemed to be incomplete indthe classification of some of the provisions of
the Plumbing Code. Therefore, it was Yecessary to develop an alternative attribute
classification scheme. .level 1 of theischeme corresponds to a lar%e extent to the

R scheme dewveloped im the previous chapt@* for-the Solar Criteria. he definition of
headings in thé classification schise 1% as follows: ~

’

. _ , 1 32
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2.

*

1.6 socaeior for funcéion ) . .

Punction: ability of system to perform its intended function.

1.1 Water supgly . . - L . 3
- g O “r s
Water should»be supplied in sufficient vo’ume.so that plumbing fixturesk
can perform their essential function unler normal conditions of use.

) .

1.2 Water supply and drainage flow ‘ ’ -

Water supply and drainage systems should provide adequate minimum f‘low
rates in accordance with design. condit*ons

.

>
Iy . . «
A * - ..

1.3 Pioe sizes < ! . . ..
Water supply pioing should be sized-so that it éan perforam itg
- essential function without excessive wear and noise. Drainage
piping should be sized $o.that sewage can be transported to an
acceptable point of disposal without over{lowing or, accumulating \\\
w*thin the premises.
.- £l :
1.% Sewer and drain connectiqns . . ~ o
umbing fixtures and equipment which discharge Hqu*d wéste or
’seﬂage should be directly connected t¢Q the san%tary drainege )
System, except where indirect connections are required. The -
waste shou‘d be transported to an acceptable point where proper
connections should be made for further transport to the main
sewer . . ¢

1.5 Air Plow , . _
Proper venting should be proVided to l*m*t pneumatic pressures »
within the system and adequately protect trap seals. Vent
terminals should not return foul air to the building.

’ A

pix..ure .and equipdene snou’d be }ocated SO that the plumbing »
ysuem une 4""s satisfact o"*ly' i f

1.7 Von—*neerfe”ence wi tn other facilities ’

The *nsta;lazion of uhe pl umﬁ?ng sys em #hould not interfere
with the operztion of non- plumbing systems and facilities . . f
{i.e., structural members should not be weakened by cuttin . .
. netching, etc. y and prqper clearances should be provided 1*
operation). i . . . . .

.
- ES Vo

o . Y ' (Y -

Health and Safety: réguirements dealing with health andlsafety of occupants.

5 - A

2.1 Potable wateg - oo .

ﬁfemises intendeé or human Habitation should be provided with - F

€

~a supply of pure dholeso..e \igter.

&

2,2} ‘Contamination 1 - & -
Proper protection should 'be providéd to prevent coritamination of °
. foods and water by backflpw of sewage. : . "p
: s @ : %
2.3 w Lo 4 .

Backflow, .overflow, siphonagem . -

) Suitable provisions should be made ﬁb prevent backflow and overxlow

of sewage in‘the-system. k) ] ) . Z
\\\\ ) “ v .
. L] . . ’ //‘// .
s _ N AN
i . ' )
) .o "33 .
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2 L Hot'water equipmenb

Devices for heating and storing water should be designed and-~
installed so as to prevenb danger from explosion_through over-

heatlng. . . . Liel

2.5 Number of fixtures A «
The minimum number of plumbing fixtures considered essential
for.good health and sanitation should.be provided.

Qperability, Durability, Reliability: requirements for satisfying performance
ornthe design life of the system under actual use conditions. a
*31 Damage » . . . o 7
The plumbing system (fixtures, Joints and connections) should be
protected from physical damage that would impair essential function.

- [ ~a

Corrosion ‘

’ . s .

The dangers of prematdre failure or excessive maintenance relating to

~ corrosion should be minimized by tdking into account the character of
the water supply, the soil, properties of materials and other
environmental factors.

-
. l

Deterioration o
e . .
Plumbing fixtures should be constructed of, smooth and non-absorbent
material without any, concealed fouling surfaces. They should be
located in ventilated enclosures.' Appropriate consideration should
be glven to treatmegthoianazardous wastes and environmental factors.
-

3.4 Material durability . ~

. .~The plumbing system (piping, fixtures, connections) should ¥e
of durable material and capable of giving satisfactory service
«rg“ for-its expected 1ife.

- A}

. .

' 3.5,'Deflection, misalignment and sagging

+
. L4

Proper supports sholld be provided; spaced at appropriate intervals,
to prevent deflection misalignment and sagging. ’

4

Structural strength .

The preper £unctioning of plumbing fixtures and
their supports should™not be impaired when su

_loads . ; 5
Maintainability: provisions for maintaining the in good operting

;«conditions.

£ o

4,1 Foyling, deposits and clogging

. should be provided. These cleanouts should .he arranged in a wa
so that the pipes|can be readily cleaned. . =

’

4,2 Fixture accessibility

To guard against‘%ouling, deposit of solids clogging ﬁq%anogi/
s

.

All}plumblng fixtures should be installed and spaced so as to be
reasonably accessible ror ‘matntenance.

s
t

4.3 Maintenance procedure ’ . b .

Proper maintenance procedures should be followed so that the plumbing
system is 1n a sanitary and serviceable condition at all ‘times.

] b -0




4.4 Location for maintenance ‘ . P

\

The plumbing systems and equipment should be such as to assure
practical maintainabildty. They should be so located to be

t
- . . .

> convenient for cleaning, servicing, adJusting or replacing »
various elements or components. , . ¢
:C ’ .5. Standards: conformance to "external standards referenced in the code or
LN procedure outlined”in the code. :

5.1 External product standards . ‘ ' . ¢

t

;1 This pertaing to external product standards referenceg in the.code.

5.2‘ External installation'standards T .
o e b . * ~

\ .
This pertains to external installation standards referenced in
the’ code. .
5.3 Accepted engineering_pra%tice o .

-~ _This provides for the Judgment 8 the cede offdcial as to the.
*~ "sdundness of the desigh. - i

Pl l

) 5.% Code procedures
This pertains to appropriate procedures outlined in the code and
provided as part of the code requirement i N

- N

The/at;ribute classification has been ivoroduced for reference in Table b,
4.273 )

[y

Classigication of Frovisions ’ < -

X Table B.1 provides the results of the exercise of ¢lassifying the provisions of the
v Uniform Plumbing Code by applying the physical and attribute classification schemes
: discussed above 'to the provisions. The chapters covered-are: * .

» a) Chapter 2 - Materiald and Alternates
b) Chapter 3 - General Regulations e ) . ¢ . '

_\“ _ c) Chapt??‘u -'érainag Systems : . . .
égiy e ds) Chapter 5.~ Vents and Venting . )

. e) Chapter 6 -~ Indirect and Special'Wasteé 7
; ’ 'f) Chapter 7 - Traps and Interceptors ' d
; . o é) Chapter‘9 ~ Plumbing Fixtures : %i '
b ' h)’ Chapter 10 - -Water_ﬁistribution “«' .
’ Chapter 8 oints and éonnectfons, Chapter 11 - Building gervice and frivate

Systems, Ch¥pter 12 - Fuel Gas Piping and Chapter 13 . Water Heaters and Vents were

. considered to, be outside the scope.of this study and were therefore omitted.

¥ e -

. The Uniform PlumbinngbQQ contains both direct and indirect references to materials.

. Provisions such as "fitti%gs shall be made of brass" were classified by using

R hierarchical idenitifiers om /he physical classification scheme which address

. "fittings" and the identifier from the attribute classification scheme which addresses
"prevention of corrosion," on the assumption that the primary concern is with the
satisfaction of that attribute, and not with material selection; therefore, the

- . identifier from the material grouping was not used. On the other hand, provisions

. such as "fittings shall be made of brass or other approved material” were classified

. by using the physical entity identifier for "material-general” and the identifier from
. thef attribute classification scheme addressing "approved standards.". Furthermore,

infprovisions specifying "brasg fittings should be. ," the identifiér for
aterial-brass" was used along with the identifiers for the appropriate attribute.
/ ' . . . ye X

. \' - - e
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For some prowﬁsions 1t was difficult to ascertaln the 1nténtion of the code writers.
Therefore it was difficult to identify. a specific attribute addressed by these
provisions. These provisions were therefore classified under attribute classification

"cpde procedures" along with other provisions which were directly addressed by that
attribute. . )

*

- .
Py

4.3 Analysis o - ) . .

It can’ be seen from the comparison of attribute classifications shown in Table 4.9
that single attributes are often addressed by more than oné rule of plumbing or
Guide Criteria attribute; conversely, a single ryle.of plumbing or Guide Criteria
attribute often addresses more than one attribute. In order to make the rules of
plumbing and Guide Criteria requirements applicable for classifying plumbing provisions
they' should be unique and complete and therefore consistent with Table 4.8. .

Table B.1l can be subjected to different analyses; one such analysis is given in

Table 4.10; Zhe table shows the frequency distribution of attributes covered by the
provisions of the Uniform ¥lumbing Code. It provides the réader with a picture of
the content of the code and a record of emphasis. - ’
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Table 4.1 - :
. S’ \ ’
" ) . Physical Classificgltiotr‘ B - .,
ol I II R III IV v VI, VII VIII IX
> Level - ~ . ' °
Glabal System Subsystem Component| Assembly - Assg'mbly Elentents| Appurtenances {Material-
) v (Global).- ... -
System |- D. Drainage System Table B.1 F. Fixtures . Table B.2 ° Table B.3 Table B.4
- * | V. Venting System Table B.1l and e . .o
s *W. Water . ' Table B.1 Equipment .
. . N Distribution ¥ .
N - - System
F . P b *
by - ‘
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’ ;);v\s\ I ’ - ) - . e
- ° o ’o .
I S ’ ‘: 3
° . - .
4
- : ' Table 4.2 L ' A . ‘
. ‘
Physical Clas%ificatfg;:>;:ainage Systems R
- - ‘ ) \ ‘
» .t
: Level II1  Subsyscens. Level IV Components ) ]
LT ) _* _,?j$ ., . . .;. < .
P ) - u., weneral woen B %
;i . a. Gengral b. Interceptors =
TR b. Drainsge piping ¢. Grease interceptors
S s c¢. Building sewer d. Garage interceptors
5 d. Buildjng drain . S " e. Byilding traps
e. Storm drain - - f. Sand interceptors
f. Storm.séwer 3 8. Traps 2
¢ 8. Area drain h. Direct~waste connections _
. e -B.. Subsoil drain. e @ - i. Indirect waste connections™~
- . i. Hoistway drain ¢ - 3. Interior Ieaders or downspouts
J. Catch basin k. Cleanouts
‘ P . k= Gutters . . 1. Backwater valves .
1. Condensate drain m, Indirect connections
m. Indirect waste piping -
n, Pressure drainage - '
0. Utility drain .
3 p. Industrial waste piping
q. Commercial waste piping . .
. N \ .
Physical Classification: Venting Syétems .
~ : N . - -
H . ' \
- Level ITI Subsystems -~ . LevellV Components ' v
> Pd .
N ¢
Lo - -
. ’ 3 )
. ‘a. General R . i} a. General
v ) b. Vent piping ° <7 b. Vent head .
— . ©¢. Stack vent - c. Vent termi -
o ¢ 4. 9Common vent - e e d. Vent extension
e R (e Wet venf - N @ >, .e. Vent fittings - ) .
; ., f. * Relief vent oty f.o Ven# opening
.o - & Combinsgtion vaste and-vedt o Vent connection "
$ s ¢ - h. Q’L’rcuit N(Zg@,p vents * > _ . . Haste pipe
5" ° o - 3 1 @ ° 1 s
\ *z a‘* & : : ¢ ER uts
{‘ o . - . 0 ~
b ) ‘ e o
ool . ¢ Vo
&L ) Physi alfclassiﬁicayign: Water DistriﬁLtion Systems
v - K] « ’ /
: ‘Qg. ‘ -~ B T 4 . PR
Level III Subsystems I Level 'IV  Components el ‘
. . . 1 _ P ..
~ . ] . .
a. General -8, General .
b. Water piping and fltting Lo r b. Ballcock ‘
‘ ¢. Standpipe , . -0, ' \§i Direct conrections
4 d. Hot Water piping .. Indirect connections

ety

s
o1y

S

O SATR R gy
J ST
S LI

Water .Storage tank ..
Hot Water Storage tank
Hg%&wnter heater ,
Water pump "

e. Water Storage Control valves
f. Gate valve .
8. Meters .

h, Vacuum breakers -
t. Pressure reliei ‘valves

j. Temperature reliefg valve
k. Emergency. shut-off deviceé
1. Valves -

m. Covers

n. Pressure regulators

0% Pressure-~temperature -

relief valve



___,\S‘%”

N
a. sGeneral P N
meaes wo0b, Bathtub .
c. Lavatory ,
- d. Shower °
e. Kitchen sink ¥
el. Garbage disposal
f. Waker closet
fl. Flushometer valve
f2.. Flush tank . —
g. Urinal -~
gl. Flushometer valve -
g2. Flush tank
h. TFloor drgin
i. Laundry tray
J. Dishwasher
k. ' Clothes washer
1. Drinking fountain
m. Swimming pool
n. Hot Water héater .
0. Sumps
p. Ejectors, pumps
g. Lewn sprinklers
r. - Interceptors, intercepting tanks
s. Evaporative cooler, air washer, refrlgerator
. and coollng counters -
t. Walk-in refrlgerator
u. Receptors .
' v. Stills, sterilizers
w. Condensor -
= x. Plumbing fixtures (uncla851fied)
y. Commercial sinks
z. Island sinks
P e *
s - -
-~ e
P S
- ’j,»-

Fal

Table 4.3 :
Physical Classifiéation{i

2
Fixtures and Equi

i 3
e,

Level VI Assembly

39

s "h

-

A

o
(o}

%

WO NG

BEHE FermBPRROR0OP

PETETE .

L3

LN

\ ’

Level VII "~ Elements

general

iping (discharge)

Piping (supply) °

Drainage ;ittin%s

Shower receptors

Faucet

Shower head

Drains . N
Traps
Vents .
Valves g

Mixing valves

Gate ‘valves

Vacuum breakers

Washdown pipe

Cleanouts

Hose bib outlet

Outlets -

Inlets ~ .

Strainers .

Flashings - .

Backflow preventing
devices

Motors, compressorg,
and «air tanks

Trap arm

Overflows '

Ballcock

Bends e
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Table 4.4

Physical Classification: Level VIII

(Appurteqancesx

- Level VITIN._

4
°

-

Aruitoxt provided by Eic: -
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a.
b.
c.
d.
e.
f,
g.
h.
i,
3.
K.
1.
m.
n.
o.
p.
q.
r.
S.
t.
u.
v.
w.

General

Threads

Connections (direct)
Joints

Flanges

. Plugs

Lquﬂ

Bushings

Hangers

Supports

Slip Jjoints
Expangion joints
Hose clamps
Unions

Ferrules

Screws

Bolts

Washers

Access covers
Outlets

Joining matgrial
Fittings
Connections (indirect)
Cleanouts

Seals

Flashings
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‘ Physical Classification: Level IX (Material)
» . ,}w/ . , -
- - . '0 : . L4
. Level IX . b‘\\
) A .
. a. General R - )
! . b. Wrought irén -
¢. Steel - v
T, . d.  Brass )
. e, Copper . -
f. Galvanized Iron . .
3 g.. Cast Iron ’ . !
. ’: hY ‘Bronze L .
) i, Lead . '
: 4 j. PVC (plastic) . .
k. ABC (plastic) . )
g 1, Malleable Iron . -
. m, Concrete . . - - .
. . n. Metal ’ . -
. [Y
L] : ' -
) = . []
»'V . ’ -
e - . -
. ) - \ . .
r ~.‘ ) - - . B . ¢
:;L'; - *’ - - .
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Rules of Plumbing . . e
(from the National Plumbing Code)[l4] . o
P 1 - All premises intended for human habitation, occupancy, or use shall be B
provided with a supply of pure and wholesome water, neither connected |, NS
‘with unsafe water supplies not supject to the hazards of “Fackflow or
backsiphonage. . . <
P 2 - Plumbing fixtures, devites, and appurtenances shall be supplied with »

< water in sufficient volume and at pressures adequat® to enable them to
fupction satisfactorily and without undue noise under all normal
conditions of use.
P 3.~ Plumbing®shall be dedigned an adjustedfto use the minimum quantity of :
water consistent with proper(performance and cleaning. ° . /

P 4w Devices for heating and storing water shall be so designed and installed
as to prevent dangers from explosion through overheating.

P 5 - Every building- having plumbing fixtures installed and intended fox
human habitation, occupancy, or use on premises abutting on a street,
dlley, or easement in which there is a public sewer shall have a connec-~
tion with the sewer. P . . i 3 -
P 6 - Each family dwelling unit on’premises abutting on a sewer or with a
private sewage-disposal system shall have, at least, one water closet and
one kitchen-type sink. It is further recommended that a lavatory and
bathtub or shower shall be installed to meet the basic requirements of
° sanitation and personal hygiene. .

All other structures for human occupancy Or use on premises‘abutting on \
a sewer or with a private sewage-disposal.gystem shall have adequate .
sanitary facilities but in no case less than one.water closetr and one .
‘other fixture for cleansing purposes. . -
P7- Plumbing fixtures shall be made of spooth nonabsorbent paterial, shall
’ be free from concealed fouling surfaces, and shall be located in venti-
lated enclosures. -

P8 -~ Tﬂb\drainage‘§§stem shall be designed constructed and maintained so as
to guard against fouling; deposit -of solids, and clogging, and with B
adequate cleanouts so arranged that the pipes may be readily cleaned. R

P 9 - The piping of the plumbing system shall be of durable materia}, free from
defective workmanship and so designed and constructed as to g ve satis- ;—/ .
factory service for its reasonable expected life.:® -

N " -

L3

P10 - Each fixture directly connected to the drainage system shall be equipped .

with water-seal trap. . . . ‘

P11 - The drainage system shall be designed to provide an adequate ‘eirculation

* " of air #n all pipes with, no danger ofwsiphonage, aspiration, or forcing - .
\\fqtrap seals under conditions of ordinary.use. } . T
.. o '

- g p—

. N
- * .
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" Table 4.6 (Continued)
Rules of Blumbing

Each vent fermindl shall extend to the outer air aﬁﬁ be so igstalled ;s
to minimize the possibilities of clogging and the return of foul air to
the ‘building. . "

° -~

The plumbing system shall be subjected to such tests as.will effectively
disclose all leaks and defects in tQ;‘work. . !

. . A .
No substance which will clog the pipes, produce explosive mixtures, des-

e

troy the pipes,or their joints, or interfere unduly with the sewage-
disposal process shall be allowed to enter the building drainage system.

i

“ , . "
P15 ~'Proper protection shall be provided to prevent contamination of food,

P16 -

s P18 -

P20 -

< , P21 -

Mg T
»

. ¢ ~gethod of sewage treatment and diapqégi:;?“

-*‘suitable provision shall be made to prevent its overflow in the building.

P19 - Plumbing systems shall.Be maintained in a sanita

" or into any waterway unless it has

water, sterile géods, and similar materials by backflow of sewage., VWhen

necessary, the fixture, device,.or appliance shall be connected indirectly
with the building drainage system. _ « . . .

v

N6 water closet’ shall be located\ in a rocm or compartment which is not
properly lighted and ventilatgd.

If water closets or other plumbing fixtures are installed in buildings
whére there-is Mg sewér within a reasonable distance, suitable provigion
shall be made fo sposing of the building sewage by some accepted

Where a ;I}mbing.dralnage-system may be subject to backflow" of sewage,

Id
ry and serviceable condi-
tion. )

- « - 4

&li'plumﬁing Fixtures shall be so installed vith regdrd
to be reasonably accessible for their iQ:enggd use.,

to spacing as

Plumﬁing shall be installed with due regard to preservation of the

strength of structural members apd prevention of damage to walls ‘and.
other surfaces through fixture usage, ’ T

Sewage or. other waste, from a plumbing system which be deleterious to
surface or sub-surface waters shall not be discharge:aihtq/the ground .
irst been rendered innpcuous through
subjection to some acceptable form of treatment.

N ' ~

%
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Table 6.7°

-

-

-

. - +1 Structural Serviceability 8
R~ [N
. .jDefleccion - .

A FulToxt Provided by ERIC

-
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s

" Operatidn Breakthrough Guide.Criteria.Plumbing Requirements [10]

S

Durability/Time Reliability "
(Punction)

H.1
\ _ H.1.2 Vibration \ H.8.1 System life expectancy
A H.1.3 Structural loads H.8.2 Fixtures and appliances
. . H.8.3 Imskallatiod®
- ’ f < H.8.4 Access .
N 2 Structural Safety H.8.5 Freezing
T . - E.8.6 Corrosion
e H.2.1 Inserts and hangers
H.2.2 Installation e
. 9 Spatial®Characteristics and |
1 ~ ' Arrangenent
3 Healch and .Safecy : . * : .
", H.9.1 size and location
) "H.3.1 Number of fixt‘hres .
H.3.2 Leakage -m ‘
H.3.3 Hot water supply
by H.3.4 Protection of water-heating '
- eqe¥pgent -
H.3.5, Water quantity: ,user needs \~
. , H.3.6 Water potability - ¢ . oo
H.3.7 Resistance to entgy of verzfin
H.3.8 Improper enission of gases or -2
- ; 112%23 L . .
H.3.9 Overflow or back-up .
N H.3.10 Water pipe sizing . - .
) Ak H.3.11 Storm watergdiSpasal ! . N
4 Fire Safety .
bading \ . ’ -
¥.4.1 Fire endurance , .
- H.4.Z Sprinkler systems
e o H.4.3 Hazardous- areas » . .
S ‘gf:l; Vgcer‘for, fire fighting st . "o g T
STURrTITR LT - PP L
e S - Tie wd sz
L 5 Acoustic Eavironment ; Tt . =S s s
SN - e - T - wrr w2 P Y
o H51r§oise _ : Ry
(. - ', - - - - b - g O
< 6 'Illumix'iate?’l:‘.nvi:‘menc 22k =%, mb¥;
p S < - NES
v H.6.1 Artificial light ’ t.C ) . Bleoe 0 T
. . : > << A
Lol Lo, ‘ TET et e YA
¢ o _Atmospheric Envitronoment . - .-
* ’ ’ . . )0 .- - i v & 2 F
- .o H.7.1 Condensation © 7~ ° N e g~ 2¥ 22 z!_
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- Table %.8

Classification @Rtribu tes

.

“ Level I Level 1I

2
1. *(F)*Function

11 (a.) Water supply :

1 (b.) Water supply and drainage flow

1 (c.) Pipe sizes . -

1.4 (d.) Sewer and drain connections

1. te.) Alr flow S

1 (f.) Location for function .

1 (g.) Non-interference with other facilities
d Safety. .

-
*

- .

(H) Health an

- . IS - j
(a.) Potable water e
(b.) Contazination -
(c.) Backflow, overflow, siphonage
. (d.) Hot water equipzent
N 2 (e.) Nuzmber of fixtures

(0) Operability, Durabilify, Reliability
~3. (a.) Damage

.2 (b.) Corrosion

. (<%) Deterioration

& (d.) Material durabilicy

3.5 (€.) Deflection, nisalignment and sagging

.6 (£.) Structural strength

3
3
3
3
3

Ed - .
.

(M) Maintainabilirty

Fouling, deposit$ and clogging
Fixture acgessibility
Maintenance procedure

Locaticn for zaintenance

)

v
(a.) Externdl product standards

.2 (b.) External installation standards
. . (c.) Accepted engineering practice
(d.) Code proceduresq

= -
*The létter codes shown in parentheses are used 4n the detailed classification of

p\fovisions in Table-B.1l.
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Table 4.9 7

Comparison of Attribute Classifications

’ : : . Applicable Applicable Guide
Attribute - Plumbing Rules  Criteria -
: : _ ) equirements
1:1 Water supply 4 ’ P2, PP3« H.3.10 .
12 Water supply and drainage flow: P2 H.3.10, H.8.4
13 Pipe sizes . - P 3 H.3.9, H.3.10
1.4 Sewer and drain connections P35, P17 H.3.9
1.5 Air £Iow A . P11, P 12 H.3.8, H.3.9 .
N . 1.% Location for function o P7, P16 L.9.7 *
. 1.7 Non-interference with other facilities ‘P21 H.1.3y H.2.1
201 Potable water - P1
2 2.2 Contamination : P 15, P 22 L H.3.6
2.3 Backflow, overilow, siphonage P11, P 10, P 15| H.3.6, H.3.8,
. R P18 .. .3.9, H.3.11
< 2.4 Hot water, equipment T P4 H.3.4
. 2.5 Number of fixtures P 6 H.3.1 -
- ® . ) .
. * 3.1 Danage . P14 H.1.2, H.1.3
3.2- Corrgsion - . H.8.2, H.8.6
3.3: Deterioration Pz "H.1.3
. 8.4 -, Material durabflity P.9 H.8.2
3.5° Deflection, nisalignment and sagging . H.1:3 .
3.6 - Structucal strength P 21 H.1.3
2 . 4 - .
- 4,1 < Fouling, deposits and clogging i PQ% H.8.4
N 4.2 Fixture accessibility e P2 ' H.8.4 ’
. 4.3 Maintéhance proceduge P19 . H.8.4
- T Location for maintenante P 8 H.8.4
*s.l External product standards H.8.2
5.2 7| External installation standards H.8.3 :
. 5.3 Accepted engineering practice H.8.3
5.4 Code procedures P13 | - | H:8.3
. ] . ]
» Ry
4 4 R -
. * -
- ? \ ) LI e .
[ - ’ - -~ L
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Table 4.10

i

. - Frequency of Attributes

K

‘ . \ Number of N
. Attributes . . References
1.1 Water supply 1
1.2 Water supply and drainage flow ) 19
1.3 Pipe sizes - 24 .
1.4 " Sewer and drain connections : 8
1.5 Alr flow o 10
1.6 Location for function . Y 25
1.7 Non-interference with other facilities 9
2.1 Potable watér - . 1 .
2.2 Contamination, 3
_2.3 sBackfloy, overflow, Siphonage ‘ 33
2.4 Hot water equipment . \ 1
‘2.5 | /lugber of fixtures 3 .7
. %.1 Damege 8
. 3.2 Corrosion 13 .
) 3.3 |  Deterioration 3
3.4 . Material durability 3
3.5 Deflection, misalignment and sagging 5
3.6 Structural strength b
4.1 - Fouling deposit elogging ) 3
4.2 Fixture ;g@ﬁ&ﬁgtg o 19
4.3 Maintenanceé procé t 12 «
4.4 Location for meinffenance - 14
[ é‘ [
. 5.1 |  Externzl product standards 69
5.2 +External installation standards K
5.3 Accepted engineering prac ice 3
5.4 Code proced 78 .
- 3
. ( & . * \
. Sow E
- <
P A3 ¢ ' v
e, + . . o ©
< [ - *
« ‘ T
!,
- 47 :
S | 59 |
» - -

s ;[mc
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- . ‘):.’ ELEMENTS OF SPECIFJICATION WRITING STYLE b / .

*

In this chapter, the analyses and observations.of the study are summarized as an
informal guide to specification writerg. The "don't use" and "use" style is

. patterned after the Elements of Style by Strunk and White [20]. Only performance

B specifications are covered here, but similar guidelines could be developed for

T prescriptive specifications. The examples used are from seglar heating and cooling

technology, though not all are’from the Solar Criterda, the basis for the study.
In partigular, not all of the "don't use™ examples are from that specification. The
guidelines are in two groups: Section 5.1 lists those which pertain to the *
composition of 1nd1v1dual‘provisjons, Section 5.2 lists those which pertain to
relations among two or more provisions.

5.1 Composition of Proyisions

1. Avoid overspecifying physical entities. In defining the physical entity addressed,

. ’ use the most general term that applies. Avoid naming specific physical entities,
which amounts to oyerspecifying. -
o - ! Don't use: Use: .
- A Y . -~
e '"pumps, fans, compressors or e '"rotating machinery"
similar equipment" ’ ,
. e 'duct and fan systems" e M"air-handling systems"
e "pipe hangers+-and other supports" e 'supports" - .
. : ’
- e '"pipes, joints, fitt;ngs, ete." e '"piping"
N 2. crou§ physical entitles by common properties. Combine ﬁ sical entities addressed

by referring to the common properties affected by the attr{bute In question
(comnon'properties underlined).

-~ - -

e "assemblies containing heat transfer fluids" -

e "components exposedvto the natural environment"

e - "subassemblies that are accessible"' « )
The specification writer can use common property grouping in order to consider
dysfunctions which pertain to glasses of physical entities, 1In the example
above, "assemblies containing heat transfer fluids" are those that are subject
to-méchanical and chemical forces affecting durability, "components that are
exposed to the natural environment" are those that are subject to ice and hai
loads, and "subassembllies that are accessible" are those that are potentially
unsafe to occupants becduse of high temperatures. Note that any attempt to
enumerate physical entities in any of the three examples would constitute
over-specification by the writer. - -

&

3. Use conditions to postulate implementations. When.a requiremgnt or criterion
applies only t3 specific implementations, single this ?act byy&receding the
entity deScription by a condition:

-
’.’

L i o '"when quick-ciosing valves aré used, . . . " s
. . -
- ® "when the storage subsystem is included in the: design. T v
; e 'when a 1liquld 1s uséd as-the heat transfer fluid, . . " .

This allows the writer the option of conoidering such an implementation
; (wivhout specifying it), as in:

' ‘v -

‘e "When liquid heat transfer fluids are‘used the system
shall provide suitable neans for air removal " -

ERIC SR o G BU
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P . . .




- < . t : .
Definé’gftribute of requirement. 1In every requirement, gefine specifically the
attribute to he satisfied. 1t may help the writer to think of an attribute as
being a gefieral,-qualitative statement in support. of one of the attribute' classes.-

"~ Thus, the attribute "preventios of corrosive wear" is in support of the attribute -

_«class "operab{lity." On the other hand, the attribute of a requirement is usually
more.general than the phenomena of the criteria associated with the requirement.
Thus, the attribute "prevention of corrosive wear" is more general than the
phenomena "cdrrosion by leachable substgnces" and "corrosion of dissimilar
materials," which are relatively specific. '

If“the attribute can't be specified, the provision is probably not g requirement.
- - $

5. Define phenomenon of criterion. Include in each criterion the specific
phenomenon for which a level of perfdrmance is to be achieved. (Re¢all that, a
phenomenon identifies a possible dysfunction to be avoided or a requisite to be
assured” ) Examples of dysfunctions to be avolded are: -

’

e ‘"excessive noise arising from vibration of equipment?

" A} A
[} danger fto occupants arising from excessive temperatures
or pressure in the event of a power failure"

.

// Examples of requisites to be assured are:

° "regulﬁkion of domestic water outpuf temperature"

- e "means for the detection of leaks" .

- i

<‘6.- Use an active operator. 1In both reqirements and criteria, use positive,~attive
terms to describe the result expected. i . ’

4

when't always rely on the catch phrase:,
-e ". . .shall be designed and installed so that.

In many cases, more specific wording can be used:

o "(the collector subsystem) shall be 1ocatéd,'or1pﬁted, and
tilted so that. ... . ." i

s

¢ "(piping) sMa¥l be sized to. . . "

. -

Also don't b%@gnnecessarily wordy: -

4

Don't use: ’ ) ¢ . Use:’

o M. . .shall be designed to e . . .shall provide.
provide. . . ." . .

P .shall be designed to be e . . .shall accommodate. . , ,

capable of accommodating. . . ." - OO S S

w - -

7. Use quantitative measures in cri‘eria. Ensure_that criteria are quantitaﬁibe by,
! specifying the level of percormance expected, ‘or, at least, by specifying
preclsely the device ar process that is to be provided to ensure performance.

Uncer a requireimeht deaIihg with the efficient operation of the DHW system,

Don't use: . B - +Use: -
e "The water temperature - "The water temperature shall
shall be regulated." . be regulated within the range
of 105° to 160°F.V . -

or

e -"Regulation of the water
temperature shall be assured.”

»

The underlined material shows how the efficient operation mentioned in the
requirement is ensured. _ -

P e
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If a quantitative measure can't be defined, the provision is probably not a . .
criterion. ’

- t~+ 8. Make evaluation correspond to quantifier. Give-a clear, precise statement as to .
‘ how the criterion measure 1s to be evaluated. Certain things cannot be evaluated

“by a mere review of plans and specifications! For example, in

e "Systems. - .shall accommodate flexing: . .,"

- 7o
an examination of design criteria 1is more appropriate than a review of drawings
and specifications; and in . .

Ve e 3 /‘a . w
) . R "systems. . .shall not leak when tested. . ., -0 %&‘

Y

a review of .test results 1ls more apprbpriate&

. \ ... . .
9. Avoid blanket references to specifications and standards. The entire purpoge of
Tve references to external

performance specifications 1s defeated by excess

- specifications and.standardS. Do not say: _
e ". . .shall be designed and installed in accordance with (name of
specification).” : L . !

At least, specify the attribute that is to be achieved.

®, . .shall provide a minimum level of fire safety consistent with
(name of* specification).” ’ " /

N

v
.

Better yet, define the phenomenon to be quantified and depend on the
specifications and standards only for establishing the quantitative

measure:
L e ". . .shall meet the requirements for draw and recovery specified
: “n (name of specification).” -
. . v )
10. Choose title based on attribute or phenomenon. Make the ¢itle -of the requirement

or criterion descriptive of the attribute or phenomencn, rather than of the

physical entity covered. %4‘ /
' ' . o (under a requirement deallng with Leakage prevent{on) - -
o Don't use:, - . Use: - T
- ' "Air‘trahsport systemsh 3 © "pir ledkage" L

d/temperature'protection)

!
/
‘ -

e (under a requirement for Excessive pressure’ an

’ Don't use: Use: / R
H o " nRelief valveg and vents" . "Preséure and temperature relief" \
)' -

e (under a-requirement for Effects of extefnal/environment)

Don't use: - . Use: . .
Don_ t use . . . Use: /

~

"3dlar degoadation" *

Y e « "Components cr materials - L.
exposed to- sunl ight" T s . *j_ﬂie ) a f\\{/

1

"Components buried in soil"’ -7 "So1d-corrosion”

3
.!'
v, ? ) I "t 3
’ Ii. Do not deliberately vary wording «tc avoild m&nbtony. Note the underlined words

. A : in the following: : 1

“ A‘r e ". . .collecting and rconverting sd¥ar energy into thermal energy."

R S D .collecﬁing‘aﬁﬁ?conbertihg‘ﬁgiiénﬁ $61drTenergy into_ thermal
. Sy =] - 'TrEr T

4 ’ "
.o | energy. . . . ‘ - - .
A e e ". . .convert incident solar energy into UBEfliL therpal ‘epergy. - M . .
Lo T ; sz T - . T el T
A | * z ok . . . - o

2
R
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Such "stylistic" variation is confusing to the reader, who may try to find
some technical reason behind the different chotees—of words.. o

’ .
Avold using subJectlive wording in requirements and criteria. Even requirements,
which are qualitative statements, shpuld be as free as possible of words which
are subject to interpretation by guesswork on the part of the reader. Certainly
criter{a, which are quantitative statements, should not use such words. Consider

the following: . . . — .. v
e ". . .sultable means for air removal. . ."~" ‘ -
e "?! ., .adequate provisions for thermal expansion. . ." ‘
' ) s . >y
e ", .damage of unacceptable magniiuae. " *.
) . - s - . A"a@‘
How 1is the reader to interpret "suitable," "adequate," and "of unacceptablé .

magnitude"? . ,

Other subjectlive words and phrases to be avoided are “"significant (1y),"
"excessive(ly)," "below acceptable levels," "unduly," "normal(ly),"
"beyond acceptable limits," etec. ‘

.

Organization of Provisions . - . .*
Use only one attribite ber provisione 4 provisisn (requirement or criterion)
addressiyg more than one attribute 13 improperly written and should be split.
-Each of thé following examples can be split into two criteria: .

1" - . ]

. - . ,.shall be sized to i
carry the heat transfer . ° -
fluid at design flow rates Criter??“ a
without excessive noise o -
or erosion-corrosien™ } Criterion b &

L] ———————
". . .shall not significantly . ’
affect the efficient operation > .

of the H, EC, or DHW systems } Cri§erion a
or the habitablility of the

building."’ } Criterion b i

The use of catch words "health and safety" and "safe and efficient. operation"
as attributes will automatically result in the violation of this rule. - -t

-

- \

Do not misplace criveria. A criterion is pisplaced*%f:
. . - ¢
a. ,Ché\phy51cal entity addressed is not a subset of the entity
addressed by the requirement under which the criterion appears, .
or ‘ - . ’ .
b. the physlcal entity addressed is not a common property Efouping

~“within the entlity acdressed by the requirement under which the -

.criterion apgearigt or ‘ \ ‘ *

-~ L
.

¢. the phenomenon addressed is not 2 ngset of the attribute of the
requirement. ’

L]
»

Examples of misplaced criteria: fr 7
a. Requirement addresses collector. 7 N L ¢
. Criterion addresses whole system. ‘
b. Réquirement addresses collector. . T v
Criterior addresses componerts buried In sgil. e P
A 1 *
c. 'Réquirement addresses failure loads and load capacity. . ’ i
Criterion addresses glazing design. *
) , A R . . . -~
- 51 . : .

-, v
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3. Ordepr criteria by related phenomena. In ordering the criteria assoclated with
a requirement, sequend® them by the phenomena they address. In the sequence /
below, the second criteribn, dealing with air, Is out of place between criteria !

Ly dealing with liquids, and should be moved £o the end. -
i i Requirement: Heat transfer flwid quality. .
. Criteria: 1. Liquid quality .
. - 2. Air quality
- . 3. Liquid treatment -
N , 4. Freezing protecfion (applies to liquids only)
\

hd
4, Use. single-criterion requirements sparingly. The specification writer 4¥ill find
that usually it will be necessary to assoclate two or more criteria with-a
.. requirement in order to completely address the leveﬁ%of performance stated in
\\\J/l the requirement. It 1s appropriate sometimes, however, to use single-criterion
.pequirements.-

.
-

— . The. rule %o follow 1s that the criterion must address g subset of the

requibrement (either physical entity, common property grouping, or'attribute)
- or else rust introduce a gquantifier. If none of the above applies then it

is questionable whether the "requirement" is in fact a proper requixement. .
In the ‘following sequence, the rule is not followed; the criterion is merely . -
a rough rewording of the requirement: : .
" . Y
R: Shutdown of subsystems in one dwelling unit shall not impair

v the distribution of energy to othef Awelling units of the building.

- e C: Shutdown of the H, HC or DHW subsystems in one dwelling unit of
- a multifamily<housing complex shall not interfere with the
" operation of the subsystems in-other dwelling units.

da
5. AvoT8 unnecessary cross-referencing. With proper assignment of criteria to
* requirements and proper ordering of requirements, it should not be hecessary
within a criterion or requirement to cross-reference other criteria and y -
. » requirements. The situation 1is analagous to the one noted in rule § in
y N * group 5.1 on referencing other sbecifications and standards. Blanket
’ cross-references are to be avoided: e
. »
4 o ". :shall be designeé to meet the requirements specified __ ~
. in. " ' &
More specific scross-references ma§ be used' where negessary duplication -
of the same material would result: . . o
. - . e ".® _shali be designéd t® meet .the requirements for load
: combination specified din, . " .
t L .7
. ¢ - -
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s \\\ ' 6. POTENTIAL APPLICATIONS - .
% } g H . " &
-+ In this chapter, the potential applications of the.model *and méthodology developed
" in this study are discussed, with emphases on the analysis of existing codes and
?3 _standards and the synthesis of new ones. | ‘
PR -
N 6.1 Analysis = . , . -
e T . » J ’ 2
whAs dlscussed in the Introduction, there 1s a need for the ciassification, maintenance, .
3 s * L .
and ¢omparison of existing codes and standards. ‘

Every specification has to-be contindally‘maintained to keep up with social and
technological changes. This on-going maintenance would be alded by a\standardized
. organized framework, both for initial provisions and for later modifichtions,

g additions and deletions. ’/xr“~
There 1s an equally strong need for a mechanism whereby the coverage”of different-
codes and standards could be systematically compared by the following types of-
organizations:

4

AR J

e deslign and construction organizatidns ope:é%ing under multiple
Jurisdictions need ready access to information on similarities -
and differences among codes, so as to adjust their work accordingly;

e building regulatory ;genqies adopting model codes need a mechanism
\ for locating and identifying those provisions which warrant local
. changes or exceptions;

e model code authorities and other bodies responsible for the
promulgation of codes and standards need a-similar mechanism
for representing changes and exceptions introduced in the
adoption process to gulde them.in their maintenance activitles;

~ -~
.

and

: <
e groups and organizations interested in broadeping the coverage
of existing code#s and working towards broader natlonal consensus
need a representational tool to display the coverage'oq codes,
so as to be le to systematically review, and hopefully : '
PY eliminate, e existing differences or discrepancies. !

The methodology presented in this study could. be develoéed and extended to produce
a classification scheme and representational method to satisfy the above needs. 1In
. such a classification scheme each provision would be classified as to:

. e
e the physical entity addressed} \ ' -
e the property of that entity (where applicable); .
e the attribute to be achieved (for requirements); ™ -

e the measubre’ of satisfaction required (for rriteria).

Inisial approaches for the physical entity and %ttriqute ¢classifications have been
presentéd in Chapters 3 and 4. Further work will bg required in order to extend
these to practical and gegerally applicable classificatdons. In particudar, the
terms for physical ent1t15% should be standardized. Also, the cdncept of common
property develdped in Chaptar 3 shoulu be-exiended so as to serve its intended é
purpose; as- a "shortcut" to eliminate or reduce exztensive enumeration of comporients.
Similarly,w@heiclassiﬂication of attributes should be extended to cover the entire

range of ccdes.and design specifications. .For prescriptive specifications, standard ¢
interpretations of implied attributes must be agreed upon, as they could ther form .
a solidbasis on which the intent and adequacy of brovigions could be evaluated. o
Finally, i1t will be necessury to extend censiderably the list of possible measures ) :
discussed in Chapter 3 to encompass all cases that may occur; such measures are °

‘essential to d%fine thg‘levels of perfogmancelgpecified. “ .
. - , )
) .. . , R '
Y ‘ ; 53 ; ‘ .
o .65

ERIC 3 -

-
3 M 4 * ’
A FuiText provided by Eric « “ ~ ’

wsmcamio o - . - _ . o - .. o . i




With a classification scheme of the type discussed, any specification could be .
concisely represented by 'a table such as Tables A.l1 and B.1l, or by the implementation
of such tables in a computer-based information system. Local exceptions, .
modifications, upda%g§, ¢. could be rapidly and conveniently located by reference
to th clgssifierS' escribing the provisions.

» An 1llustration of the potential advantage ®of Qsing a standardfzead classificaﬁion
schgge of the type discussed in this report for representing existing specifiication

provisions can be taken from Reference 613. . -

v The 1969 Edition of ANSI Standard Al19.1, Standard for Mobile Homes {19], contained
the following provision in Section 7.3 (page/lsf? .
) -

. All wall and partition Surfaces shall@ge capable, of -resisting
a horizontal load of not less than five pounds per square foot."

The sprovision did not appear in the editions of 1972 through 1974. In-the process
of adopting the Standard in state regulatory programs, the provision of the 1969
Edition was included in two states codes: . -

. e 1in North Carolina, as an amendment of Section 7.3; L

e 1in Oregon, as an amendment of Section 6.2: Design Live Loads.

° -
The provision was re-introduced in the 1975 Edition, but his time under Section 6.7:
. Interior Walls. ' Thus, in a period of six years, the same provision has cropped up
in three differert sections of the Standard or State .code based on the standard. If
the provision had begensclassifled not by arbjitrary section numbers, but as a .
provision accessible by the classifiers: ) .

N

= 1ﬁterioﬁ wall . .

structural strength

physical entity
attribute
the provision could have been reaaily lJcated, regardless of section number, and the
various editions of the standard, as well as the State coges adopting them, could
have been directly compared. ’ - . . . .

. . » 4

6.2 Synthesis B
It is expected that the major use of the concepts of this study wili .be in the
synthesis or development of new specifications, especially ofs performance
specifications. Before such work can be undertaken, however, some of the
preliminary steps discussed in the preceding séction will have to be accomplished,

= albeit for a different purpose: had

.be made to generate classifications of entities whikh are

implementation - independent, sepdtrate from traditional building

part names; the extension and systematic exploitatlon of appropriate™~—
> ‘ "property" categories may.be one way to achieve this objeetive;

e in developing & practical physical classification;?zpfbft must

‘ Q
e the 1list of specific entity names needs to be formalized and
coordinated with the general functional slassifications &and 'u
propert’.es, tc serve as the basis for impiementation - dependent’ -
evaluation procedures for performance specifications as xell as for
prdéecedural or prescriptive specifications;

. e the list of required attributes and their underlying phenomena >
to be controlled needs to be considerably extended, subdiyided
and properly defined, so as to clearly identify the user needs
addressed by each; and -

e the 1list of avallable measuregnts, and the appropriate evaluation
methods ‘for each, needs to be formalized to a much, greater extent

then the present, so as to provide a ¢lear bgsis_for chPosing o, -
appropriate méasurgs for each criterion. .

- : - * - e .

The availability of such classification schemes cquld formalize and éonsiderably

- improve the process of syntheslzing new specifications. )
' ¥ R
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At the conceptual or planning level, the synthesis process could begin with the -
clear identification of applicable attributes and the phenomena to be controlled.
Through appropriate praperties, the general functional classes of physical components
susceptible ‘to dysfunction could be next identified, and thus a generai framework

of requirements and criteria sketched. This framework could then be systematical
"fleshed out" through technical and economic analyse$ to determine the appropriat
type and level of measures for each criterion. * -

. In practide, of course, the development qf new performance criter}a will seldom, if
ever, be tihte dMrect, linear sequence of activities described above. Rather the
progess willl tend to be iterative,, where new tonsiderations, exen the need for new
research, will emerge as portions of the document are developed. A computer-based
interactive information management system based on the classifications presented
could serve as an effective management and control mechanism for the operational
phase of synthesis. -

v . o . .

At the operational or developmental level, the framework of general regfiirements and
criteria would be entered into the information mapagement system when the detailed
development begins. Tentative elaborations of proposed requirements and criteria
would be entered as they are developed «together with appropriate classifiers.
Perlodically, thé’provisions could be sorted and listed, and the qutput ‘examined to .
ascertalin progress, to review and modify as necessary the proposed classifications,
and to identify,sholes" or other indications of uneven coverage. On the detalled
level, provisions could be examined for conformance with &Accepted structures and for
the proper maintenance of the RCTC hierarchy. At the same time, as provisions - .
accumulate and are "firmed up," tentative groupings and chapter layouts may be
developed. Through appropriate identifiers related;to the classification schemes; ~
alternate organizations may be explored and evaluated, thereby reducing the
dependence of the organization on a sometimes arbitrary two-dimensional matrix From
previous studies [lB 16], it appears.that theoretically inclined readers wouldgsrefer
an organizaqﬁbn where the majoregroupings are hased on attributes, with furthe

";Eubdivisions based on physical components, wﬂE?eas practically-oriented people would

e moxe comfortable with the oppgsite ordering. Tentative outlines for these two
schemes, or combinations thereof, could be readily generated and compared. The final .
organization and assignment of cHlapter, requirement and criterion sequence ceyld thus

'be delayed until the project is essentially complete, resulting in more readable, &\
easier-to-follow documents. Theodevelgpment of extensive indexes structured ,
according to alternate ordering of classifiers would be an automatic byproduct of the b
classification schtme maintained by the information management system.

-

- ° /
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CONCLUSIONS AND, RECOMMENDATIONS

7.1 Conclusions !

This study 1s a pilot project for ldentifying cancepts and methods for the
establishment of a rational framework of specifications, dealing with both the”
detalled organization of individual provisions and the overall classification of
provisions in the document. .

¢ . - e -

It hés been shown that all‘specification,pro&isiops have a simple basic~strugg%g§,-
consisting of two basic elementis: . \ -~

. -

- (1), a subject, which makes some mention of a physical
entity, and .

C?)‘la predicate, which relates to one of the attribute
classes.
This simple" structure permits.thelétudy of organizationm at two levels: (1) the ﬁay
the elefents are composed in a single provision; and (2) the manner'provisions are ~
related through the kubjects they address and the attributes .they seek to achieve.

Detailed study of ¢t first aspect, that 1s the compvsition of provisions, was only
carried out for a performance doecument. Studies of the second aspect were performed
on a performancesdocument and a prescriptive document.’ Studles at doth levels
require a carefully structured classification of the physical components forming the
subjects of provisions, and of the attrib\tes to be satisfied, Classifications have
been developed for these t¥ domains for o documents, representing. extreme points’
oh the performancg-prescriptive continuum. ) -

N - -
fhysical classifications could be developed with reasonable ‘ease from bog; documents.
In' both documents, there appears to be¢ too much reliance on ming specific building
parts. As a result, it 1s sometimes difficult to.group the“entities into larger
units in a hierarchical fashion. Nevertheless, it¥ appears entirely feasible to
extdnd the classification to other documents, and eventua%lg\té standardize both the
terminology for building elements and hierarchical groupings for the- terms.

H ) : . N - N
The development of attribute c¢lassifications was hampered by the occasional laek, of y
clarity and definitions of attributes in the performance document af® their -
complete absence in the prescriptive document., The classification reported here
'should be considered highly tentative. .

v . R

&

In the, performance documént, an important mechanism was identified for athleving
conciseness in addressing physical components without over-specification. The
‘mechanism consists of referring to_a common property such as "exposed to solar
degradation," which singles out entities susceptible to dysfunction under a
‘particular dttribute in a completely 4mplementation-independent fashion. A
classification. of properti contained in the’document was developed; significantly,
the properties ‘identified.g¥e well structured hierarchically. ‘
Also, dn the.performance Wocument

7t, bhe "traditional" RCTC hierarchy could be given,
. ~more Mecisé meanipg by'associatggg eriteria with properties or with subsets of the
entities or attributes of the,corresponding requirement, and by associating the -
form of therevaluation with the type of measure spegifieq in the criterion. However,
because of the wide range of measures, contained in the criteria, the latter "
association cquld not Eg;demonstrated to the same degree of concreteness as the
#forme?.. ] . ' - - T
This studyiof‘phe composition of provisions in the perforpance specification produced
a formal représentation of the syntactdc structure of regquirements and criteria.

*The classification systems and the analyses in Section 3.3 produced concepts and
_ terminology which were used in giving guidance for future efforts in performggce
8spgcification writing. T Loy -

- LS

-

“On the basis of thestudies reported, rtwo: potential applicatioﬁs were presented.
First, it was sho that a classification scheme of provisions according to physfcal
entities, attributes (explicit or implicit) and measures specified can serve as a

-
.
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N




E

-

-

'concise‘rebresentétion which mailbe used to represent and compare the coverage of_
specifications and the extent of local exceptions, modifications, and proposed and
actual changes. g ’ oo - ’ .

B
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Second, it was shoyn that the .classification scheme could serve in the development
«Qr synthesls of new specifications in two significant ways: ‘at the initial planning
or concéptual’ level, by permitting the development of groupings of -.requirements

before any detalled work is undertaken, and at the operation

al and developmental

level by "tracking"

to be.developed and evaluated. -

7.2 Recommendations for,Fufthen Study « -
work which are conti

There are a number of directions for fut%
h study.

.the research activities reported on in ¢t
#

>

[ fhe classifications of physical entities and attributes
. in this study are illustrative rather than recommended.
there is a need for research on more ggnenal classificat

)rogress and by allowing tentative groupings and chapter.layouts

v

nuations Bf some of
- . :
exhibited
Clearly
ions\

t

Al
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The analysis reported on in section 3.3 oA this sﬂﬁéy is tentative
in nature. Further research,into %he nature of attributes of
requirements and measures oﬁ%}dteria is called for. This

work is expected to relate closely to the research on attribute
classification called for just above.

The notion of "property" needs further research. The role of )
properties as selectors of physical entities for attribytes

needs to be investigated fither.

~F

Y

. The classification work for evaluatidns, in this paper is
tentative rather than recommended. Further research is ngcessary

in that area as well as in the larger -area of the RCTC hierarchy.

In addition, there are a number of proposed areas for study which are not simple.
continuations of résearch in this paper but which are logical next steps for that
research to take. , ) A

There is a need.for the analysis-of the language of provisions

in prescriptive specificaflons. It is of ‘irfiferest to determine

to-what extent the structures and concepts, developed for

performance provisions are applicable to preseriptive provistons.
’ .

The researgh reported on in this paper is related to the research
recently conducted at the University of Illinois under contract '
to the Natlonal Bureau of Standards (see [22]J. The relationship
needs to-be investigated further, especially the language analysis
in this paper with the decision table analysis in the Illinois
study and thé classiffcation studies in this paper with the
outlining algorithms in the Illinois study.

The implementaeion"of a pilot information retrieval system

along the lines developed in Chapter 6 is a possible next step

to take. It could'be based on classification schemes such as
those develdbped in Chapters 3 and 4. Tt would allow for the
orderly development such classification schemes and would ‘
provide a prototype context for developing some of the.fRleas
advanced ip Chapter 6.

-

. vt - . . . 7/
The autdmatic ‘generation of the text of provisions could bq:
explored. Given as input the physical, property and attribute
classification schemes along with the structures introduced in
-Section 3.3, it woudd be possible' to generate provision-like
word sequences which -could be examined for acceptability. The
style guidelines from’Chapter 5 possibly could be used as
constraints..in the .generatlon ‘process.

.
.
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Papers of interest primarily to scientists working in
these fields. This section covers_ a broad range of physi-
cal and chemical research, with major emphasis on
standards’ of physical measurement, fundamental con-
stants, and propertias "of matter. Issued six times a
tion. Domestid, $17.00;, Foregn,

ned mainly for the math-
ematician and theoretical physicist. Topics.in mathe-
matical statistics, theory of experiment design, numen-,
cal analysis, theoretical phy3ics and chemistry, logical
design and programming of computers and computer
systems. Short*numerical tables. Issued quarterly. An-
nual subscﬁphon Domestic, $9.00; Foreign, $11.25

DIMENSIONS/NBS (formerly Technical News Bul-,
letin)—This monthly magazine is published Yo inform
scientists, engineers, businessmen. \ndustry, ufnchers,

« students, and consumers of the latest advanees n
science and technolog¥, with primary emphasis on tite
work at NBS. The magazine highlights.and reviews such
issues as encYgy research, fire protection, building tech-
nology, metric conyersion, po!]ution, abatement, health
and safety, and consumer product performance. }h addi-
[tiont, 1t reports the results of Bureau programs”in
measurement standards and téchniques, properties of
matter and materials, engineering ‘starrdards and serv-
lccs; instrumeptntion. and automatic data processing

Annual substription. Domestic, $9.45; Foreign, sllv8§.
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_ NONPERIODICALS

* -
‘Monpgraphs—Major contributions to the technical hiter-
ature on various subjegts related to the Bureau's scien-
_ tific and technwal activities. .

Handbooks~Recommended codes of engineering and
industrial” practice (including safefy codes) developed

. program coordinated by NBS. Program under autfroritF - et

of National S%a'ndnrd Data_Act (Public Law 90.396

NOTE: At present.the principal publication outletgfor
these data 1s the Journal of Phy’signl and Chemical
Reference Data (JPCRD) published quarterly for NBS
by the American Chemical Society (ACS) and.the Amer-
ican Institute of Physics {AIP). Subscriptionn,‘reprjnts,
and supplements available from ACS; 1155 Sixteenth
St. N. W, Wash. D. C. 20056. N

Building Science Series—Dissemihates technical infor-

mation developed at the Bureau on building materials,
componéfits;"systems, and whole stréctures. The series
presents research results, test methods, and perform-
ance criteria related to thé structural and environmen-
tal functions and the durabihity and safety character-
1stics of-building e]em'ents and systems. ~ -

* Technical Notes—Studies or Mggorts which are complete

in themselves but restrictive in their treatment of a

ubject. Analogous to monographs but not so compre.

nsive in scopg or definitive 1n treatment of the sub-

ct area Often serve as a vehicle for final reports of

work performed at NBS under the sponsorship of other
government agencies.

Voluntary Product Standards—Developed under proy
cedures pubhished by the.*Department of Commerce in
Part 10, Title 15, of the Code of Federal Regulations.
The purpose of the standards 1s to establish nationally
recognized 5equiremen
all concernéd interest
standing” of the characteristics of the products. NBS

administers this program as a supplement,to_the_activi-

ties of the private sector standardizing organizatiops.
.

Federaal‘ Information Processinig Standards Publications

(FIPS PUBS)—Publications 1n -this sertes coliectively—

constitute the Federal Information Processing Stand-

" "ards Register. Register serves as the official source of

information in the Federal Government re arding stand-
ards issued by NBS pursuant to the Fegéul Progerty
and Administtative Services Acti of 1949 as amended,
Public Law 89-306 (79 Stat. 1127), and as implemented
by/Executive Order 11717 (38 FR 12315, dated May 11,
1973) and Part~6 of Title 15 CFR (Code of Federal
Regulations). 5

Consumgr Information Serigs—Prncﬁana information,

for products, and to provide .
ith a basis for commop under- .
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g ! based on NBS research and experience, covering areas . .
::; Z‘:’ig::?::‘:nﬂ:‘;':e nslb::::;e:o‘;?ed.uatnes, professional of interest to the/ consumer. Easily u'ndershindnble . -
e ! . € t e language and illustrations provide useful bac ground* P
Specixl Publications—Incfude Pproceedings of confer- . knowledge for shopping 1n today’s techblogical /\
* ences sponsored by NBS, NBS annual reports, and otKer marketplace. ) . A C
special publications approprigte to this grouping ﬁch NBS'Interagency Reports (NBSIR)—A special series of '0'
» as wall charts, pocket cgrda. and. bibliographies. ’ Jnterim or final reports on work performed by NBS for ' .\\_/) .
Applied Mathematics Series—Mathematical tables, outside “sponsors (both government and non-govern- *
* maguals, and studies of special interest to physicists, . Ment) In gerderal, initial distribution 1s handled by the-.
engineers, cheniists, biologists, mathematicians, com.  $PONsor, public distribution is by the Nationa? Technical
. . puter programmers, and others engaged n scientific Information Service (SPE'““ﬁeit‘lzi@V?- 22161) . paper- *
. and technical work. » . . ) . copy,or microfiche form. - .
' . e N .. . + :\.
National Standard Reference. Data Series—Provides - Order NBS publications (except NBSIR'’s and Biblio- oo
- quantitative data on the p)'\ypicnl and chemical proper- ‘%rnphic Subscription Seryices) from: Superintendent of
tieg of materials, compi;ed from the wotld’s ljiterature dcuments, Government Primting Office, Washingtont, -
.. and critically evaluatéd. ngelox{)efl under a world-wide  D.C, 20402. o G
- -‘ - B - . , ) . o ll‘nH‘Hlll“ d
. BIBLIOGRAI_’HIC SUBSCRIPTION SERVIQES - e . .
. N . 2 RN -
' The followipg curren&wtreneu and ligerature-survey *© * sGrveyxssuc(_i quarterly. Annual subscription: $20.00.
* _ -bibliographies are issued periodically by the Bureau: ) Send subscription orders and remittances for the ;
Cryogenic Data Uenter Current Awareness Service: ©  preceding bibliographic services Ao National, Bu- >
) P ] N reau of Stgndards, Cryogenie Data Center (275.02) . .
A “littrature survey . issued biweekly. Annual sub- - Roulder, Colomdo 80302, . ; .»:" -
" seription:, Domestic, $20.00; foreign, $25.00.“W ’ &% T P o
» Liquefied Natural Gas. A literature survey isgued quar-_ g - - 7
£ Q torty. Annual aubsmtiontsw.oo; i i . T - . ‘-
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i E lC}ercbhdnctin,g Devices and -@hterialu,.k literature = - -~ LR 2
z .. . by D L o .
: w Y ! -




